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(57) ABSTRACT 

Novel chemical conjugates of a psychotropic drug residue 
and an amino-containing organic acid residue selected to 
reduce side effects induced by the psychotropic drug When 
administered per se, to enhance the therapeutic activity of the 
psychotropic drug and/or to exert anti-proliferative activity, 
in Which the amino group is in the form of an acid addition salt 
thereof and Which are characterized by high stability are 
disclosed. Further disclosed are processes for preparing the 
chemical conjugates and addition salts thereof, pharmaceuti 
cal compositions containing the chemical conjugates and 
methods utilizing the chemical conjugates for treating vari 
ous medical conditions. 
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NOVEL SALTS OF CONJUGATED 
PSYCHOTROPIC DRUGS AND PROCESSES 

OF PREPARING SAME 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0001] The present invention relates to novel chemical con 
jugates of psychotropic drugs and organic acids, preparation 
and uses thereof. More particularly, the present invention 
relates to novel acid addition salts of such chemical conju 
gates, Which are particularly characterized by high ex-vivo 
stability, to novel processes of preparing the conjugates and 
the acid addition salts thereof and to uses thereof in the 
treatment of psychotropic and/or proliferative disorders and 
diseases and in chemosensitiZation. 
[0002] Psychotropic drugs are pharmacological agents that 
act mainly in the central nervous system (CNS) by modulat 
ing neuronal signals transduction. Psychotropic drugs are 
therefore knoWn, and are referred to herein, as pharmacologi 
cal agents, Which are able to cross the blood-brain barrier 
(BBB) and exert an activity in the CNS to thereby treat CNS 
associated impairments and include, for example, anti-psy 
chotic drugs (both typical anti-psychotic drugs and atypical 
neuroleptic drugs), anti-depressants, anti-convulsants, anxi 
olytics, inhibitors of brain derived enZymes and the like. 
[0003] Typical neuroleptic drugs, Which are also knoWn as 
neuroleptic agents or neuroleptics, are classical anti-psy 
chotic drugs that are Widely used in the treatment of central 
nervous system psychotic diseases and disorders, such as, for 
example, schizophrenia. The anti-psychotic e?icacy of neu 
roleptics is attributed to their ability to antagoniZe/block cen 
tral dopamine receptors. The neuroleptic drugs are knoWn as 
typical anti-psychotic drugs and include, for example, phe 
nothiaZines, amongst Which are aliphatics (e.g., chlorprom 
aZine), piperidines (e.g., thioridaZine) and piperaZines (e.g., 
?uphenaZine); butyrophenones (e.g., haloperidol); thioxan 
thenes (e.g., ?upenthixol); oxoindoles (e.g., molindone); 
dibenZoxaZepines (e.g., loxapine) and diphenylpiperidines 
(e. g., pimoZide). 
[0004] Unfortunately, the administration of neuroleptics is 
generally accompanied by adverse side effects Which particu 
larly include extrapyramidal symptoms, Which are mani 
fested as rigidity, tremor, bradykinesia (sloW movement), and 
bradyphrenia (sloW thought), as Well as tardive dyskinesia, 
acute dystonic reactions and akathisia. 
[0005] A different class of anti-psychotic drugs includes 
the atypical anti-psychotics. Atypical anti-psychotic drugs 
have a receptor binding pro?le that includes binding to central 
serotonin 2 receptors (5-HT2) in addition to dopamine D2 
receptors. Atypical anti-psychotic drugs include, for 
example, cloZapine, olanZapine and risperidone, and are gen 
erally characterized by high anti-serotonin activity and rela 
tively loW a?inity to dopamine D2 receptors. Some atypical 
anti-psychotic drugs, such as cloZapine, are knoWn to further 
antagoniZe adrenergic, cholinergic and histaminergic recep 
tors. 

[0006] Unlike the neuroleptics, atypical anti-psychotics 
cause minimal extrapyramidal symptoms and thus rarely 
cause tardive dyskinesias, akathisia or acute dystonic reac 
tions. HoWever, the admini stration thereof involves other side 
effects such as increase of body Weight, diabetes, elevated 
lipid level, mood disturbances, sexual disfunction, sedation, 
orthostatic hypotension, hypersalivation, loWered seiZure 
threshold and agranulocytosis. 
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[0007] The severe side effects that are associated With both 
typical and atypical anti-psychotic drugs, Which are collec 
tively referred to herein as anti-psychotics, establish a major 
limitation to their use and extensive efforts have been made to 
develop anti-psychotic drugs devoid of these side effects. 
[0008] Other psychotropic drugs are also typically associ 
ated With adverse side effects such as seiZures, headaches, 
fatigue, hyperactivity, diZZiness, orthostatic hypotension, dry 
mouth, sexual dysfunction, Weight gain, prolonged QTc 
intervals, photosensitivity, restless leg syndrome, sedation 
and many more, Which oftentimes critically limit the use 
thereof. A comprehensive list of such side effects can be 
found, for example, in “The Merck Manual of Medical Infor 
mation” (Merck & Co. Inc.). 
[0009] Recent studies on the development of extrapyrami 
dal symptoms as a result of treatment With anti-psychotic 
drugs, mainly neuroleptics, have suggested a mechanism that 
involves an imbalance in the dopaminergic receptors D1 and 
D2, Which is further accompanied by decreased activity of the 
y-aminobutyric acid (GABA) system in the brain. 
[0010] GABA is an important inhibitory neurotransmitter 
in the brain, Which is knoWn to have mood stabiliZing activity, 
anxiolytic activity and muscle relaxant activity, and is further 
knoWn to be related to some central nervous system (CNS) 
disorders and diseases. Recent studies on extrapyramidal 
symptoms suggest that GABA agonists may be further used 
to reduce neuroleptic-induced side effects and thus have an 
additional therapeutic potential. 
[0011] Previous studies have already suggested that GABA 
agonists can interfere With other brain neurotransmitters and, 
in particular, With the dopamine system. Thus, it Was found 
that GABA agonists can antagoniZe the neuroleptic-induced 
increase of dopamine receptors sensitivity and are therefore 
capable of improving neuroleptic -induced dyskinesia [Lloyd, 
K. G. et al., Pharmacol. Biochem. Behav. 1983, 18, 957-66]. 
Furthermore, it Was found that some knoWn direct GABA 
agonists (e.g., muscimol and SL 76002) cause a biphasic 
effect on haloperidol-induced catalepsy, such that While loW 
doses of the agonist inhibit the stereotypic catalepsy behavior, 
high doses of the agonist potentiate the haloperidol-induced 
catalepsy. Other studies have reported that GABA agonists 
have anti-convulsive activity [Capasso, A. et al., Eur Neurop 
sychopharmacol. 1997, 7, 57-63]. 
[0012] The use of GABA agonists is limited since they 
include hydrophilic functional groups (e.g., a free carboxylic 
acid group and a free amino group) and therefore do not 
readily cross the BBB. HoWever, it Was found that chemical 
conjugation of such compounds With fatty amino acids or 
peptides could substantially facilitate their passage across the 
BBB [Toth, 1., .1. Drug Target. 1994, 2, 217-39]. 
[0013] WO 03/026563, WO 05/092392, and US. patent 
application Ser. No. 10/808,541, Which are incorporated by 
reference as if fully set forth herein, disclose novel chemical 
conjugates of various psychotropic agents and various 
organic acids. These chemical conjugates Were designed so as 
to reduce the side effects induced by the psychotropic drug, to 
enhance the therapeutic ef?cacy of the psychotropic drugs 
and/or to exert a synergistic anti-proliferative activity, par 
ticularly in the brain. As taught in these patent applications, 
some of the most potent conjugates are conjugates that com 
prise a GABA residue covalently linked to a psychotropic 
drug. Such conjugates Were found highly active as psycho 
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tropic agents whereby the side effects that Were associated 
With the psychotropic drug When administered alone Were 
substantially minimized. 
[0014] While the GABA conjugates taught in WO 
03/026563 and in Us. patent application Ser. No. 10/808,541 
include a free amine group that is derived from the GABA 
residue, and are therefore characteriZed by chemical instabil 
ity, these compounds, according to the teachings of the above 
mentioned patent applications, Were prepared and practiced 
in the form of the HCl salt thereof. 
[0015] HoWever, as is Well recogniZed in the art, HCl salts 
of amine-containing compounds may be unstable ex-vivo by 
being susceptible to rapid moisture absorption and degrada 
tion. These features pose some limitations to the preparation 
and storage of such salt forms and more importantly, to their 
use as pharmaceutical agents, Which require high purity level. 
[0016] Hence, While WO 03/026563 and Us. patent appli 
cation Ser. No. 10/808,541 teach highly bene?cial conjugates 
of psychotropic drugs and organic acids, particularly GABA, 
the therapeutic use of such conjugates might be limited by the 
poor stability of conjugates that include a free amine group. 
[0017] Thus, there is still a Widely recogniZed need for, and 
it Would be highly advantageous to have, conjugates of psy 
chotropic drugs, and methods of preparing the same, Which 
are characteriZed by improved therapeutic activity and 
reduced side effects, and Which are further characterized by 
long-lasting ex-vivo, as Well as in-vivo stability. 

SUMMARY OF THE INVENTION 

[0018] According to one aspect of the present invention 
there is provided a chemical conj ugate Which comprises a ?rst 
chemical moiety covalently linked to a second chemical moi 
ety, Wherein the ?rst chemical moiety is a psychotropic drug 
residue and further Wherein the second chemical moiety is an 
organic acid residue containing an amino group, the organic 
acid residue being selected so as to reduce side effects 
induced by the psychotropic drug When the psychotropic drug 
is administered per se, to enhance the therapeutic activity of 
the psychotropic drug and/or to exert anti-proliferative activ 
ity, Whereas the amino group is in the form of an acid addition 
salt thereof, With the proviso that the acid addition salt is not 
an HCl addition salt. 
[0019] According to further features in preferred embodi 
ments of the invention described beloW, the chemical conju 
gate described herein is chemically stable under storage at a 
temperature that ranges from —500 C. and 500 C. for a time 
period of at least 7 days, and more preferably, for a time 
period of at least 14 days. 
[0020] According to still further features in the described 
preferred embodiments a change in the purity of the chemical 
conjugate upon storage is less than 4 percents of the initial 
purity of the conjugate, and more preferably less than 1 per 
cent of the initial purity of the conjugate. 
[0021] According to still further features in the described 
preferred embodiments the chemical conjugate is character 
iZed as non-hygroscopic such that a change in a Water content 
of the chemical conjugate upon storage at a temperature that 
ranges from —500 C. and 500 C. is less than 0.4 Weight percent 
of the total Weight of the conjugate, and more preferably less 
than 0.2 Weight percent of the total Weight of the conjugate. 
[0022] According to still further features in the described 
preferred embodiments the storage is for a time period of at 
least 14 days, and more preferably for a time period of at least 
24 days. 
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[0023] According to further features in preferred embodi 
ments of the invention described beloW, the acid addition salt 
is selected from the group consisting of acetic acid addition 
salt, ascorbic acid addition salt, benZenesulfonic acid addi 
tion salt, camphorsulfonic acid addition salt, citric acid addi 
tion salt, maleic acid addition salt, methanesulfonic acid addi 
tion salt, naphthalenesulfonic acid addition salt, oxalic acid 
addition salt, phosphoric acid addition salt, succinic acid 
addition salt, sulfuric acid addition salt, tartaric acid addition 
salt, and toluenesulfonic acid addition salt. Preferably, the 
acid addition salt is selected from the group consisting of 
maleic acid addition salt, methanesulfonic acid addition salt, 
benZenesulfonic acid addition salt, naphthalenesulfonic acid 
addition salt, toluenesulfonic acid addition salt and oxalic 
acid addition salt. 
[0024] According to still further features in the described 
preferred embodiments the second chemical moiety is a 
GABA agonist residue. 
[0025] According to still further features in the described 
preferred embodiments the second chemical moiety is 
covalently linked to the ?rst chemical moiety via an ester 
bond selected from the group consisting of a carboxylic ester 
bond, an alkyloxy carboxylic ester bond, an amide bond and 
a thioester bond. 

[0026] According to still further features in the described 
preferred embodiments the psychotropic drug residue is 
selected from the group consisting of an anti-psychotic drug 
residue, an anxiolytic drug residue, an anti-depressant resi 
due, an anti-convulsive drug residue, an anti-parkinsonian 
drug residue, an acetylcholine esterase inhibitor residue, a 
MAO inhibitor residue, a tricyclic psychotropic drug residue, 
a bicyclic psychotropic drug residue, a monocyclic psycho 
tropic drug residue, a phenothiaZine residue, a benZodiaZ 
epine residue and a butyrophenone residue. 
[0027] According to still further features in the described 
preferred embodiments the psychotropic drug residue is an 
anti-psychotic drug residue. 
[0028] According to still further features in the described 
preferred embodiments the anti-psychotic drug residue is 
selected from the group consisting of a typical anti-psychotic 
drug residue and an atypical psychotic drug residue. 
[0029] According to still further features in the described 
preferred embodiments the psychotropic drug residue is 
selected from the group consisting of a chlorpromaZine resi 
due, a perphenaZine residue, a ?uphenaZine residue, a Zuclo 
penthixol residue, a thiopropaZate residue, a haloperidol resi 
due, a benperidol residue, a bromperidol residue, a droperidol 
residue, a spiperone residue, a pimoZide residue, a piperac 
etaZine residue, an amilsulpride residue, a sulpiride residue, a 
clothiapine residue, a Ziprasidone residue, a remoxipride resi 
due, a sultopride residue, an aliZapride residue, a nem 
onapride residue, a cloZapine residue, an olanZapine residue, 
a Ziprasidone residue, a sertindole residue, a quetiapine resi 
due, a ?uoxetine residue, a ?uvoxamine residue, a 
desipramine residue, a paroxetine residue, a sertraline resi 
due, a valproic acid residue, a temaZepam residue, a 
?utemaZepam residue, a doxefaZepam residue, an oxaZepam 
residue, a loraZepam residue, a lormetaZepam residue, a cino 
laZepam residue, a ?utaZolam residue, a lopiraZepam residue, 
a meprobamate residue, a carisoprodol residue, an 
acetophenaZine residue, a carphenaZine residue, a dixyraZine 
residue, a priciaZine residue, a pipothiaZine residue, a 
homophenaZine resdiue, a perimetaZine residue, a perthipen 
tyl residue, a ?upentixol residue, a pi?utixol residue, a 
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te?utixol residue, an oxypethepin residue, a tri?uperidol resi 
due, a pen?uridol residue, a meclobemide residue, a norclo 
mipramine residue, an amoxapine residue, a nortriptyline 
residue, a protriptyline residue, a reboxetine residue, a tacrine 
residue, a rasagiline residue, an amantadine residue, a phe 
nobarbital residue and a phenyloin residue. Preferably, the 
psychotropic drug residue is a perphenazine residue. 
[0030] According to still further features in the described 
preferred embodiments the GABA agonist residue is selected 
from the group consisting of a (1) baclofen residue, an y-ami 
nobutyric acid (GABA) residue, a y-hydroxybutyric acid resi 
due, an aminooxyacetic acid residue, a [3-(4-chlorophenyl) 
y-aminobutyric acid residue, an isonipecotic acid residue, a 
piperidine-4-sulfonic acid residue, an 3-aminopropy 
lphosphonous acid residue, an 3-aminopropylphosphinic 
acid residue, an 3-(aminopropyl)methylphosphinic acid resi 
due, a l-(aminomethyl)cyclohexaneacetic acid residue 
(gabapentin), A y-vinyl-y -aminobutyric acid (y-vinyl GABA, 
vigabatrin) and an 3-(2-imidazolyl)-4-aminobutanoic acid 
residue. Preferably, the GABA agonist residue is an y-ami 
nobutyric acid (GABA) residue. 
[0031] According to still further features in the described 
preferred embodiments the second chemical moiety is a 
y-aminobutyric acid (GABA) residue. 
[0032] According to yet another aspect of the present 
invention there is provided a pharmaceutical composition 
comprising, as an active ingredient, the chemical conjugate 
described herein and a pharmaceutically acceptable carrier. 
[0033] According to further features in preferred embodi 
ments of the invention described beloW, the pharmaceutical 
composition is packaged in a packaging material and identi 
?ed in print, on or in the packaging material, for use in the 
treatment of a CNS disorder or disease, a proliferative disor 
der or disease and/ or for use in chemosensitization, in com 
bination With a chemotherapeutic agent and/or in a medical 
condition for Which chemosensitization is bene?cial. 

[0034] According to further features in preferred embodi 
ments the CNS disorder or disease is selected from the group 
consisting of a psychotic disorder or disease, an anxiety dis 
order, a dissociative disorder, a personality disorder, a mood 
disorder, an affective disorder, a neurodegenerative disease or 
disorder, a convulsive disorder, a boarder line disorder and a 
mental disease or disorder. Preferably, the CNS disease is 
selected from the group consisting of schizophrenia, para 
noia, childhood psychoses, Huntington’s disease, Gilles de la 
Tourette’s syndrome, depression, manic depression, anxiety, 
Parkinson disease, Alzheimer disease and epilepsy. 
[0035] According to further features in preferred embodi 
ments the proliferative disorder or disease is selected from the 
group consisting of a brain tumor, a brain metastase and a 
peripheral tumor. Preferably, the proliferative disorder is can 
cer, and more preferably, the cancer is a multidrug resistant 
cancer. 

[0036] According to an additional aspect of the present 
invention there is provided a method of treating a CNS dis 
order or disease in a subject, as presented herein, the method 
comprising administering to the subject a therapeutically 
effective amount of the chemical conjugate of the present 
invention. 

[0037] According to yet an additional aspect of the present 
invention there is provided a method of treating or preventing 
a proliferative disorder or disease in a subject, the method 

Dec. 3, 2009 

comprising administering to the subject a therapeutically 
effective amount of the chemical conjugate of the present 
invention. 

[0038] According to still an additional aspect of the present 
invention there is provided a method of chemosensitization, 
comprising administering to a subject in need thereof a che 
motherapeutically effective amount of at least one chemo 
therapeutic agent and a chemosensitizing effective amount of 
the chemical conjugate of the present invention. 

[0039] According to further features in preferred embodi 
ments of the invention described beloW, the subject has can 
cer, preferably a multidrug resistant cancer. 

[0040] According to further features in preferred embodi 
ments of the invention described beloW, the chemical conju 
gate is administered intraperitoneally. 
[0041] According to further features in preferred embodi 
ments of the invention described beloW, the chemical conju 
gate is administered orally. 
[0042] Accordingly, there is provided a use of the chemical 
conjugate described herein in the manufacture of a medica 
ment, Whereby the medicament can be for treating a CNS 
disease or disorder, for treating a proliferative disease or 
disorder and/or for chemosensitization (in combination With 
a chemotherapeutic agent). 
[0043] According to still further features in the described 
preferred embodiments the CNS disorder or disease is 
selected from the group consisting of a psychotic disorder or 
disease, an anxiety disorder, a dissociative disorder, a person 
ality disorder, a mood disorder, an affective disorder, a neu 
rodegenerative disease or disorder, a convulsive disorder, a 
boarder line disorder and a mental disease or disorder. 

[0044] According to still further features in the described 
preferred embodiments the CNS disease is selected from the 
group consisting of schizophrenia, paranoia, childhood psy 
choses, Huntington’s disease, Gilles de la Tourette’s syn 
drome, depression, manic depression, anxiety, Parkinson dis 
ease, Alzheimer disease and epilepsy. 
[0045] According to further features in preferred embodi 
ments of the invention described beloW, the proliferative dis 
order or disease is selected from the group consisting of a 
brain tumor, a brain metastase and a peripheral tumor. 

[0046] According to a further aspect of the present inven 
tion there is provided a process of preparing a chemical con 
jugate Which comprises a ?rst chemical moiety being 
covalently linked to a second chemical moiety, Wherein the 
?rst chemical moiety is a psychotropic drug residue and fur 
ther Wherein the second chemical moiety is an organic acid 
residue containing an amino group, the organic acid residue is 
selected so as to reduce side effects induced by the psycho 
tropic drug When the psychotropic drug is administered per 
se, to enhance the therapeutic activity of the psychotropic 
drug and/or to exert anti-proliferative activity, Whereas the 
amino group is in the form of an acid addition salt thereof. The 
process, according to this aspect of the present invention 
comprises: 
[0047] providing an N-protected chemical conjugate 
including a ?rst chemical moiety being covalently linked to a 
second chemical moiety, Whereas the amino group is pro 
tected by an N-protecting group; removing the N-protecting 
group to thereby provide a free base form of the chemical 
conjugate; and contacting the free base form of the chemical 
conjugate With a ?rst acid. 
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[0048] According to still further features in the described 
preferred embodiments removing the protecting group and 
the contacting are performed successively. 
[0049] According to still further features in the described 
preferred embodiments removing the protecting group is 
effected by contacting the chemical conjugate With a second 
acid. 

[0050] According to still further features in the described 
preferred embodiments the second acid is selected from the 
group consisting of tri?uoroacetic acid and methanesulfonic 
acid. 

[0051] According to still further features in the described 
preferred embodiments the ?rst acid is selected from the 
group consisting of acetic acid, ascorbic acid, camphorsul 
fonic acid, citric acid, maleic acid, methanesulfonic acid, 
oxalic acid, phosphoric acid, succinic acid and tartaric acid. 
According to still further features in the described preferred 
embodiments removing the protecting group and contacting 
the chemical conjugate With an acid are performed concomi 
tantly Without isolating the free base form of the conjugate. 
[0052] According to still further features in the described 
preferred embodiments the ?rst acid is hydrochloric acid. 
According to still further features in the described preferred 
embodiments the ?rst acid is selected from the group consist 
ing of benZenesulfonic acid, camphorsulfonic acid, methane 
sulfonic acid, naphthalenesulfonic acid and toluene sulfonic 
acid. 

[0053] According to further features in preferred embodi 
ments of the invention presented beloW, the process further 
comprising, subsequent to contacting the chemical conjugate 
With an acid, adding an anti-solvent to thereby precipitate the 
addition salt of the chemical conjugate. 
[0054] According to still further features in the described 
preferred embodiments, the anti-solvent is selected from the 
group consisting of hexane, heptane, octane, benZene, tolu 
ene, xylene and any mixture thereof. 
[0055] According to still further features in the described 
preferred embodiments removing and contacting the N-pro 
tected chemical conjugate and the ?rst acid are performed in 
the presence of a solvent, Which is selected such that the ?rst 
acid and the N-protected chemical conjugate are dissolvable 
therein and the chemical conjugate is precipitated therefrom. 
[0056] According to further features in preferred embodi 
ments of the present invention, the acid addition salts of the 
chemical conjugates have a purity that equals to or is greater 
than 97 percents. 
[0057] According to further features in preferred embodi 
ments of the invention described beloW, providing the N-pro 
tected chemical conjugate comprises reacting the psychotro 
pic drug With an N-protected organic acid, as is detailed 
hereinbeloW. 

[0058] According to a further aspect of the present inven 
tion there is provided a process of preparing a chemical con 
jugate Which comprises a ?rst chemical moiety being 
covalently linked to a second chemical moiety, Wherein the 
?rst chemical moiety is a psychotropic drug residue and fur 
ther Wherein the second chemical moiety is an organic acid 
residue containing an amino group, the organic acidresidue is 
selected so as to reduce side effects induced by the psycho 
tropic drug When the psychotropic drug is administered per 
se, to enhance the therapeutic activity of the psychotropic 
drug and/or to exert anti-proliferative activity. The process, 
according to this aspect of the present invention comprises: 
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[0059] reacting the organic acid With an N-protecting 
group, to thereby obtain an N-protected organic acid; reacting 
the N-protected organic acid With the psychotropic drug; and 
removing the N-protecting group, thereby obtaining the con 
jugate in a free base form thereof. 
[0060] According further features in preferred embodi 
ments of the invention described beloW, the process further 
comprises, prior to reacting the psychotropic drug With an 
N-protected organic acid, reacting the N-protected organic 
acid With an acyl halide to thereby obtain a mixed anhydride 
derivative of the N-protected organic acid. Preferably, the 
acyl halide is selected from the group consisting of pivaloyl 
chloride, acetyl chloride, isobutyryl chloride and 3,3-dim 
ethyl-butyryl chloride. 
[0061] According to still further features in the described 
preferred embodiments reacting the N-protected organic acid 
With the acyl halide is performed in the presence of an organic 
base. 
[0062] According to still further features in the described 
preferred embodiments reacting the mixed anhydride deriva 
tive of the N-protected organic acid With the psychotropic 
drug is performed during a time period that ranges from about 
10 hours to about 20 hours. 
[0063] According to still further features in the described 
preferred embodiments reacting the mixed anhydride deriva 
tive of the N-protected organic acid With the psychotropic 
drug is performed at a temperature loWer than 50° C., prefer 
ably at room temperature or a slightly elevated temperature. 
[0064] According to still further features in the described 
preferred embodiments a molar ratio of the organic base and 
the N-protected organic acid ranges from about 1.311 to about 
1:1. 
[0065] According to still further features in the described 
preferred embodiments reacting the organic acid With the acyl 
halide is performed in the presence of a solvent. Preferably, 
the solvent is tetrahydrofurane (THF). 
[0066] According to still further features in the described 
preferred embodiments reacting the psychotropic drug With 
an N-protected organic acid is performed in the presence of a 
solvent, an organic base and a dehydrating agent. Preferably 
the solvent is dichloromethane; preferably the organic base is 
selected from the group consisting of triethylamine, 4 dim 
ethylaminopyridine, diethylamine, N-methylmorpholine and 
piperidine; and preferably the dehydrating agent is selected 
from the group consisting of N,N'-dicyclohexylcarbodiimide 
(DCC), N,N'-diisopropylcarbodiimide (DIC), l-ethyl-3-(3 
dimethylaminopropyl) carbodiimide (EDC) and N,N'-carbo 
nyldiimidaZole (CD1). 
[0067] According to still further features in the described 
preferred embodiments the reaction is performed during a 
time period Which ranges from about 2 hours to about 6 hours. 
[0068] According to still further features in the described 
preferred embodiments the reaction is performed at a tem 
perature loWer than 50° C., preferably at room temperature or 
a slightly elevated temperature. 
[0069] According to still further features in the described 
preferred embodiments a molar ratio of the organic base and 
the N-protected organic acid ranges from about 0.1 :l to about 
0.511. 
[0070] According to still further features in the described 
preferred embodiments the process further comprises, prior 
to the reaction, mixing the psychotropic drug, the organic 
base and the N-protected organic acid at a temperature that 
ranges from about 00 C. to about 5° C., to thereby obtain a 
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slurry; adding the dehydrating agent to the slurry; and alloW 
ing the slurry to Warm to room temperature. 
[0071] According to still further features in the described 
preferred embodiments the reaction of the N-protected 
organic acid With the psychotropic drug is performed over a 
time period that ranges from about 8 hours to about 12 hours. 
[0072] According to still further features in the described 
preferred embodiments the N-protecting group is selected 
from the group consisting of benzyloxycarbonyl (CBz), t-bu 
toxycarbonyl (t-BOC), ?uorenylmethoxycarbonyl (Fmoc), 
phthalimide (Pht) and benzenesulfonyl (Ts). 
[0073] The present invention successfully addresses the 
shortcomings of the presently knoWn con?gurations by pro 
viding novel acid addition salt forms of chemical conjugates 
of psychotropic drugs, Which are characterized by improved 
stability and can therefore be bene?cially utilized in the treat 
ment of a variety of medical conditions and by further pro 
viding a novel process of preparing salts of such chemical 
conjugates, as Well as the corresponding free base form of 
these conjugates. 
[0074] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of the present invention, suitable methods and 
materials are described beloW. In case of con?ict, the patent 
speci?cation, including de?nitions, Will control. In addition, 
the materials, methods, and examples are illustrative only and 
not intended to be limiting. 
[0075] The term “comprising” means that other steps and 
ingredients that do not affect the ?nal result can be added. 
This term encompasses the terms “consisting of’ and “con 
sisting essentially of”. 
[0076] The phrase “active ingredient” refers to a pharma 
ceutical agent including any natural or synthetic chemical 
substance that subsequent to its application has, at the very 
least, at least one desired pharmaceutical or therapeutic 
effect. 
[0077] As used herein, the singular form “a”, “an”, and 
“the” include plural references unless the context clearly 
dictates otherWise. For example, the term “a compound” or 
“at least one compound” may include a plurality of com 
pounds, including mixtures thereof. 
[0078] Throughout this disclosure, various aspects of this 
invention can be presented in a range format. It should be 
understood that the description in range format is merely for 
convenience and brevity and should not be construed as an 
in?exible limitation on the scope of the invention. Accord 
ingly, the description of a range should be considered to have 
speci?cally disclosed all the possible subranges as Well as 
individual numerical values Within that range. For example, 
description of a range such as from 1 to 6 should be consid 
ered to have speci?cally disclosed subranges such as from 1 
to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 
to 6 etc., as Well as individual numbers Within that range, for 
example, 1, 2, 3, 4, 5, and 6. This applies regardless of the 
breadth of the range. 
[0079] Whenever a numerical range is indicated herein, it is 
meant to include any cited numeral (fractional or integral) 
Within the indicated range. The phrases “ranging/ranges 
betWeen” a ?rst indicate number and a second indicate num 
ber and “ranging/ranges from” a ?rst indicate number “to” a 
second indicate number are used herein interchangeably and 
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are meant to include the ?rst and second indicated numbers 
and all the fractional and integral numerals therebetWeen. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0080] The present invention is of novel salt forms of 
chemical conjugates of psychotropic drugs and organic acids, 
pharmaceutical compositions containing same and uses 
thereof in the treatment of psychotropic disorders and dis 
eases, proliferative disorders and diseases and as chemosen 
sitizers. The present invention is further of novel and 
improved processes of preparing acid addition salts of chemi 
cal conjugates of psychotropic drugs and organic acids and of 
preparing the corresponding free base forms thereof. 
[0081] The principles and operation of the chemical conju 
gates, the processes, the compositions and the methods 
according to the present invention may be better understood 
With reference to the accompanying descriptions. 
[0082] Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of the components set forth in the folloWing 
description or illustrated by the examples. The invention is 
capable of other embodiments or of being practiced or carried 
out in various Ways. Also, it is to be understood that the 
phraseology and terminology employed herein is for the pur 
pose of description and should not be regarded as limiting. 
[0083] As discussed in detail in WO 03/026563 and US. 
patent application Ser. No. 10/808,541, chemical conjugates 
covalently coupling a psychotropic drug (Which may have 
also anti-proliferative and/or chemosensitization activity) 
and an organic acid, preferably being a GABA agonist or an 
anti-proliferative agent, Were found to exert high psychotro 
pic and/or anti-proliferative therapeutic activity, as Well as 
chemosensitization activity, associated With minimized 
adverse side effects. Some of the most potent conjugates 
disclosed in WO 03/026563 and US. patent application Ser. 
No. 10/808,541 are conjugates coupling a psychotropic drug 
and GABA. 

[0084] HoWever, as is discussed in detail hereinabove, 
While GABA is an organic acid that includes a free amine 
group, the free-base (amine) form of GABA-containing con 
jugates of psychotropic drugs as Well as the HCl salt thereof 
are characterized by relative instability Which limits the 
preparation and storage of such conjugates as Well as the 
therapeutic use and e?icacy thereof. As is demonstrated in the 
Examples section that folloWs, the free base form and the 
hydrochloric acid addition salt of an exemplary chemical 
conjugate of perphenazine and GABA, Were found to be 
hygroscopic and hence unstable, rapidly absorbing Water and 
breaking doWn to perphenazine, GABA and other sub stances, 
and therefore require special preparation and storage condi 
tions. 

[0085] While the high hygroscopicity of such chemical 
conjugates adversely affects the preparation, storage and 
resulting purity of the compounds, the instability of the con 
jugates, Which is manifested by degradation to the chemical 
moieties from Which the conjugates are composed, namely, 
the psychotropic drug and the organic acid (e.g., GABA), 
adversely affects the BBB permeability of the conjugate and 
particularly that of GABA, as Well as the therapeutic effect of 
the conjugates, particularly in terms of reducing the side 
effects induced by the psychotropic drugs. Such instability 
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may further adversely affect other pharmacokinetic and 
therapeutic parameters of the conjugates. 
[0086] The instability of the chemical conjugates disclosed 
in WO 03/026563 and Us. patent application Ser. No. 
10/808,541, and particularly the instability of such conju 
gates Which include a free amine group, as in the case of 
GABA-containing conjugates and other amino-containing 
organic acids, may therefore limit their otherWise highly ben 
e?cial therapeutic effect. 
[0087] In a search for chemical conjugates of psychotropic 
drugs Which Would be characterized by improved ex-vivo and 
in-vivo performance, and While considering the high thera 
peutic e?icacy of such chemical conjugates that include an 
amino-containing organic acid such as GABA, coupled to the 
psychotropic drug, the present inventors have designed and 
successfully prepared novel chemical conjugates of psycho 
tropic drugs, in Which the psychotropic drug is coupled to an 
organic acid that includes an amine group, such as GABA, 
Whereby the amine group is in a form of an acid addition salt 
thereof. While conceiving the present invention, it Was 
hypothesiZed that such acid addition salts of the chemical 
conjugates Would be characterized, in addition to the bene? 
cial therapeutic effect of the conjugates, by high stability and 
non-hygroscopicity and thus that the limitations associated 
With the presently knoWn conjugates Would be circumvented. 
[0088] As is demonstrated in the Examples section that 
folloWs, While reducing the present invention to practice, 
various acid addition salts of GABA-containing conjugates of 
psychotropic drugs have been successfully prepared and Were 
found both highly stable and non-hygroscopic, While main 
taining the therapeutic advantages thereof. 
[0089] Hence, according to one aspect of the present inven 
tion, there are provided novel chemical conjugates. Each of 
these chemical conjugates comprises a ?rst chemical moiety, 
Which is a psychotropic drug residue, covalently linked to a 
second chemical moiety, Which is an amino-containing 
organic acid residue. The second chemical moiety is selected 
so as to reduce side effects that are induced by the psycho 
tropic drug When administered per se, to enhance the thera 
peutic activity of the psychotropic drug and/or to exert anti 
proliferative activity. In each of the chemical conjugates 
according to the present invention, the amino group in the 
organic acid residue is in the form of an acid addition salt 
thereof. Hydrochloric acid addition salts of such amine 
groups are excluded from the scope of this aspect of the 
present invention. 
[0090] As used herein, the term “chemical moiety” refers to 
a residue derived from a chemical compound, Which retains 
its functionality. 
[0091] The term “residue” refers herein to a major portion 
of a molecule Which is covalently linked to another molecule, 
as is Well accepted in the art. 

[0092] Thus, the phrase “psychotropic drug residue” refers 
to a major portion of a psychotropic drug as de?ned herein 
beloW, Which is covalently linked to another chemical moiety, 
as this term is de?ned hereinabove. 

[0093] As is described hereinabove, the phrase “psychotro 
pic drug” encompasses any agent or drug that exerts an activ 
ity in the central nervous system and thereby can be used in 
the treatment of various central nervous system diseases or 
disorders. Further description and examples of psychotropic 
drugs are presented hereinbeloW. 
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[0094] The phrase “organic acid residue” refers to a resi 
due, as de?ned herein, that is derived from an organic acid 
that includes a free carboxylic group. 
[0095] The term “free carboxylic group” describes a 
4C(:O)OH group either as is, in its protonated or in its 
ioniZed or salt state. 

[0096] The phrase “amino-containing organic acid resi 
due” describes a residue, as de?ned herein, that is derived 
from an organic acid that includes a free carboxylic group, 
Whereby the organic acid residue further includes a free 
amine group. This phrase is also referred to herein, inter 
changeably, as “an organic acid residue containing an amino 
group”. 
[0097] The terms “amine” and “amino”, Which are used 
herein interchangeably, describe a iNRlR2R3 group, Where 
each of R1, R2 and R3 is independently hydrogen, alkyl, 
cycloalkyl, aryl, heteroalicyclic and heteroaryl, as these terms 
are de?ned hereinbeloW. 

[0098] As is Well knoWn in the art, the phrase “acid addition 
salt” describes a complex of tWo ioniZable moieties, a base 
and an acid, Which, When interacted in a particular stoichio 
metric proportion and under suitable conditions, form a salt 
that comprises one or more cations of the base moiety and one 
or more anions of the acid moiety. As used herein, the phrase 
“acid addition salt” refers to such a complex as described 
hereinabove, in Which the base moiety in amine, as de?ned 
hereinbeloW, such that the salt comprises a cationic form of 
the amine and an anionic form of an acid. 

[0099] Depending on the stoichiometric proportions 
betWeen the base and the acid in the salt complex, as is 
detailed hereinbeloW, the acid additions salts can be either 
mono addition salts or poly addition salts. 
[0100] The phrase “mono addition salt”, as used herein, 
refers to a salt complex in Which the stoichiometric ratio 
betWeen the acid anion and amine cation is 1:1, such that the 
acid addition salt includes one molar equivalent of the acid 
per one molar equivalent of the conjugate. 
[0101] The phrase “poly addition salt”, as used herein, 
refers to a salt complex in Which the stoichiometric ratio 
betWeen the acid anion and the amine cation is greater than 
1:1 and is, for example, 2:1, 3:1, 4:1 and so on, such that the 
acid addition salt includes tWo or more molar equivalents of 
the acid per one molar equivalent of the conjugate. 
[0102] The stoichiometric proportions betWeen the base 
and the acid of the salt complex, according to preferred 
embodiments of the present invention, preferably range from 
6:1 to 1:6 base:acid equivalents, more preferably from 4:1 to 
1:4 base:acid equivalents, more preferably from 3:1 to 1:3 
base:acid equivalents and more preferably from 1:1 to 1:3 
base:acid equivalents. 
[0103] The acid addition salts of a chemical conjugate 
according to the present invention are therefore complexes 
formed betWeen one or more amino groups of the drug and 
one or more equivalents of an acid. 

[0104] The acid addition salts may include a variety of 
organic and inorganic acids, such as, but not limited to, acetic 
acid Which affords an acetic acid addition salt, ascorbic acid 
Which affords an ascorbic acid addition salt, benZenesulfonic 
acid Which affords a besylate addition salt, camphorsulfonic 
acidWhich affords a camphorsulfonic acid addition salt, citric 
acid Which affords a citric acid addition salt, maleic acid 
Which affords a maleic acid addition salt, methanesulfonic 
acid Which affords a methanesulfonic acid (mesylate) addi 
tion salt, naphthalenesulfonic acid Which affords a naphtha 
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lenesulfonic acid addition salt, oxalic acid Which affords an 
oxalic acid addition salt, phosphoric acid Which affords a 
phosphoric acid addition salt, toluenesulfonic acid Which 
affords a p-toluenesulfonic acid addition salt, succinic acid 
Which affords a succinic acid addition salt, sulfuric acid 
Which affords a sulfuric acid addition salt, tartaric acid Which 
affords a tartaric acid addition salt and tri?uoroacetic acid 
Which affords a tri?uoroacetic acid addition salt. Each of 
these acid addition salts can be either a mono acid addition 
salt or a poly acid addition salt, as these terms are de?ned 
hereinabove. 
[0105] As is demonstrated in the Examples section that 
folloWs, exemplary chemical conjugates according to the 
present invention, Which include the mono or poly maleaic 
acid addition salt, the mono or poly methanesulfonic acid 
addition salt, the mono or poly naphthylsulfonic acid addition 
salt, the mono or poly toluenesulfonic acid addition salt, the 
mono or poly benZenesulfonic acid addition salt and the 
mono or poly oxalic acid addition salt of the amine group in 
a perphenaZine-GABA conjugate, Were successfully pre 
pared both in small-scale and large-scale processes. These 
chemical conjugates Were found highly chemically stable and 
non-hygroscopic under various conditions, particularly in 
comparison With the corresponding free base form and HCl 
addition salt form of a perphenaZine-GABA conjugate. 
[0106] The phrase “chemically stable”, as used herein, 
describes an attribute of a chemical substance Which is char 
acteriZed by loW susceptibility to chemical and physical reac 
tions such as, for example, decomposition, degradation, con 
jugation, polymerization, oxidation or any other alterations, 
Which may lead to chemical changes of a substantial portion 
of the substance and thus may substantially affect its purity, 
over time. By “substantial portion” it is meant more than 5 
percents and even more than 2 percents of the substance. In 
other Word, this phrase describes an attribute of a chemical 
substance Which remains chemically unchanged over time. 
By “over time” it is meant a relative time period (e.g., from a 
feW hours to a feW Weeks) at Which the substance remains 
chemically unchanged When kept under various conditions, 
as is detailed hereinunder. 

[0107] The chemical stability of the chemical conjugates of 
the present invention is particularly re?ected by the tendency 
of the conjugates to undergo degradation into the chemical 
moieties from Which the compounds are composed, that is, 
the psychotropic drug and the organic acid. As discussed 
hereinabove, such degradation adversely affects the pharma 
cological purity of the conjugates, as Well as the therapeutic 
e?icacy thereof. 
[0108] Thus, as is demonstrated in the Examples section 
that folloWs, the above-mentioned exemplary conjugates 
according to the present invention Were found highly stable 
When kept under various conditions. The various conditions 
Were re?ected by the atmosphere in the container in Which the 
conjugates Were kept, the seal of the container, the tempera 
ture at Which the conjugates Were kept and/or the tested time 
period. 
[0109] The chemical stability of the conjugates Was deter 
mined by HPLC analyses and Was measured by the relative 
peak areas of the substance and of at least one of its degrada 
tion products. Thus, as is further exempli?ed in the Examples 
section that folloWs, the chemical stability of the exemplary 
conjugates described above Was measured during time peri 
ods that typically ranged from 1 day to 24 days, Whereby the 
conjugates Were kept in sealed or open containers, With or 
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Without nitrogen atmosphere, and at a temperature range of 
from —200 C. to 400 C. As is detailed in the Examples section 
that folloWs, the conjugates remained chemically unchanged 
for prolonged time periods of more than tWo Weeks, at least 
When kept in a sealed container at loW temperatures, such than 
the sum of all the impurities including, for example, per 
phenaZine, that Were formed during the tested time period, 
did not exceed 4 percents, and mostly did not exceed 2 per 
cents of the original purity of the conjugates, as determined 
by HPLC analysis. 
[0110] Hence, according to an embodiment of the present 
invention, the chemical conjugates described herein are 
chemically stable for a time period of at least 7 days, prefer 
ably at least 10 days, more preferably at least 14 days, more 
preferably at least 24 days, and up to a feW months, When kept 
at a temperature of from about —500 C. to about 50° C. 

[0111] 
[0112] As discussed hereinabove, such a chemical stability 
Was observed When the conjugates Were kept at such tempera 
tures either in an open container, a sealed container and a 
sealed container having a nitrogen atmosphere. 
[0113] As is further exempli?ed in the Examples section 
that folloWs, the chemical conjugates according to the present 
invention Were found non-hygroscopic. 

[01 14] The term “non-hygroscopic” as used herein refers to 
an attribute of a chemical substance, Which does not exhibit a 
substantial change in its Water content over time (vide supra). 
By “substantial change” it is meant a change of more than 5 
percents and even of more than 1 percent in the Water content 
of the substance. 

[0115] As is demonstrated in the Examples section that 
folloWs, the conjugates according to the present invention 
Were tested for the hygroscopicity thereof upon storage for 
various time periods under various conditions, as detailed 
hereinabove. It Was found that the change in the Water content 
of the conjugates, at least When kept in a sealed container at 
loW temperature, and in some cases When kept at higher 
temperatures and/ or open container, Was less than 1 percent, 
and even less than 0.2 percent, as determined by HPLC analy 
ses. 

[0116] The non-hygroscopicity characteristic of the chemi 
cal conjugates described herein is highly bene?cial in terms 
of ease of handling and storage of the chemical conjugates. 
This characteristic though may further provide for the 
improved stability of the chemical conjugates since it is pos 
tulated that one of the factors that affect the decomposition 
and degradation of chemical conjugates of psychotropic 
drugs and organic acids is the high Water absorption thereof, 
Which leads to hydrolysis of the bond coupling these tWo 
moieties and/or to de-esteri?cation in cases of an ester cou 

pling bond. It should be noted, hoWever, that other factors, 
such as, for example, a higher free energy barrier for chemical 
interactions, attribute to the improved stability of the chemi 
cal conjugates of the present invention. 
[0117] In each of the chemical conjugates described herein, 
the organic acid residue, according to the present invention 
and as is detailed in WO 03/026563 and Us. patent applica 
tion Ser. No. 10/808,541, is selected so as to reduce the side 
effects that could be induced by the psychotropic drug if 
administered alone, to enhance the therapeutic e?icacy of the 
psychotropic drug by providing as added therapeutic value to 
the chemical conjugate and/or to exert anti-proliferative 
activity. 

As used herein the term “about” refers to 110%. 
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[0118] According to one embodiment of the present inven 
tion, the organic acid residue, can be, for example, a residue 
that has a general formula iRiC(:O)i, Where R can be, 
for example, a hydrocarbon residue that has 1-20 carbon 
atoms, Wherein at least one of these carbon atoms is substi 
tuted or interrupted by an amine group, as de?ned herein. 
[0119] The term “hydrocarbon” as used herein refers to an 
organic compound that includes, as its basic skeleton, a 
straight or branched, cyclic or acyclic, saturated or unsatur 
ated chain of carbon atoms and hydrogen atoms that are 
covalently linked. 
[0120] Thus, the hydrocarbon residue according to the 
present invention can be alkyl or cycloalkyl. 
[0121] As used herein, the term “alkyl” refers to a saturated 
aliphatic hydrocarbon including straight chain and branched 
chain groups. Preferably, the alkyl group has 1 to 20 carbon 
atoms. 

[0122] Whenever a numerical range, e.g., “1-20”, is stated 
herein, it means that the group, in this case the alkyl group, 
may contain 1 carbon atom, 2 carbon atoms, 3 carbon atoms, 
etc., up to and including 20 carbon atoms. More preferably, 
the alkyl is a medium siZe alkyl having 1 to 10 carbon atoms. 
Most preferably, the alkyl has 3 to 5 carbon atoms. 
[0123] As used herein, the term “cycloalkyl” includes an 
all-carbon monocyclic or fused ring (i.e., rings Which share an 
adjacent pair of carbon atoms) group Wherein one of more of 
the rings does not have a completely conjugated pi-electron 
system. Examples, Without limitation, of cycloalkyl groups 
include cyclopropane, cyclobutane, cyclopentane, cyclopen 
tene, cyclohexane, cyclohexadiene, cycloheptane, cyclohep 
tatriene and adamantane. 
[0124] The hydrocarbon residue, according to the present 
invention, can be straight or branched. The hydrocarbon resi 
due can further be saturated or unsaturated. When unsatur 
ated, the hydrocarbon residue can include one or more double 
bonds and/or one or more triple bonds in its carbon chain. An 
unsaturated hydrocarbon residue can further include an aryl. 
[0125] As used herein, an “aryl” group refers to an all 
carbon monocyclic or fused-ring polycyclic (i.e., rings Which 
share adjacent pairs of carbon atoms) groups having a com 
pletely conjugated pi-electron system. Examples, Without 
limitation, of aryl groups include phenyl, naphthalenyl and 
anthracenyl. 
[0126] The hydrocarbon residue can be further substituted, 
in addition to the above-mentioned amine group (s), by one or 
more substituents such as, but not limited to, alkyl, 
cycloalkyl, aryl, heteroaryl, heteroalicyclic, hydroxy, alkoxy, 
aryloxy, cyano, halo, oxo and amido, as these terms are 
de?ned herein. 
[0127] A “heteroaryl” group refers to a monocyclic or 
fused ring (i.e., rings Which share an adjacent pair of atoms) 
group having in the ring(s) one or more atoms, such as, for 
example, nitrogen, oxygen and sulfur and, in addition, having 
a completely conjugated pi-electron system. Examples, With 
out limitation, of heteroaryl groups, include pyrrole, furane, 
thiophene, imidaZole, oxaZole, thiaZole, pyraZole, pyridine, 
pyrimidine, quinoline, isoquinoline and purine. The het 
eroaryl group may be substituted or non-substituted. When 
substituted, the substituent group can be, for example, alkyl, 
cycloalkyl, hydroxy, alkoxy, aryloxy, cyano, halo, oxo, amido 
and amino. 
[0128] A “heteroalicyclic” group refers to a monocyclic or 
fused ring group having in the ring(s) one or more atoms such 
as nitrogen, oxygen and sulfur. The rings may also have one or 
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more double bonds. HoWever, the rings do not have a com 
pletely conjugated pi-electron system. The heteroalicyclic 
may be substituted or non-substituted. When substituted, the 
substituted group can be, for example, alkyl, cycloalkyl, aryl, 
heteroaryl, halo, trihalomethyl, hydroxy, alkoxy, aryloxy, 
cyano, oxo, amido and amino. 
[0129] A “hydroxy” group refers to an ‘OH group. 
[0130] An “alkoxy” group refers to both an 4O-alkyl and 
an 4O-cycloalkyl group, as de?ned herein. 
[0131] An “aryloxy” group refers to both an 4O-aryl and 
an 4O-heteroaryl group, as de?ned herein. 

[0132] An “oxo” group refers to a 4C(:O)iR' group, 
Where R' can be, for example, alkyl, cycloalkyl or aryl. 
[0133] A “halo” group refers to ?uorine, chlorine, bromine 
or iodine. 

[0134] A “trihalomethyl” group refers to a 4CX3i group 
Wherein X is a halo group as de?ned herein. 

[0135] An “amido” or “amide” group refers to a 
4C(:O)iNRaRb group, Where Ra and Rb can be, for 
example, hydrogen, alkyl, cycloalkyl and aryl. 
[0136] The hydrocarbon residue, according to the present 
invention, can further include one or more heteroatoms inter 
spersed Within its chain. The heteroatoms can be, for 
example, oxygen, nitrogen and/ or sulfur. When such a hydro 
carbon residue is aromatic, the hydrocarbon residue can be a 
heteroaryl, as de?ned hereinabove. 
[0137] The hydrocarbon residue can further be a residue 
that has a general formula -Z-C(:O)O4CHR2iR3, Where 
Z can be, for example, a single bond or a substituted or 
non-substituted hydrocarbon residue as described herein 
above; R2 can be, for example, hydrogen or an alkyl residue 
having 1-10 carbon atoms; and R3 canbe, for example, hydro 
gen or a hydrocarbon residue as de?ned hereinabove. 

[0138] Some of the organic acid residues described above 
are characterized by an anti-proliferative activity. Hence, 
according to a preferred embodiment of the present invention, 
the second chemical moiety in the chemical conjugates of the 
present invention is an anti-proliferative agent residue, in 
Which the amine group is in a form of an acid addition salt 
thereof. 
[0139] The term “anti-proliferative agent residue”, as used 
herein, refers to a residue, as de?ned herein, of a compound 
characterized by an anti-proliferative activity. 
[0140] In addition, some of the organic acid residues 
described above are knoWn as analgesics. Thus, according to 
another preferred embodiment of the present invention, the 
second chemical moiety in the chemical conjugates of the 
present invention is an analgesic, in Which the amine group is 
in a form of an acid addition salt thereof. 

[0141] The incorporation of analgesics in the chemical con 
jugates of the present invention may provide for dual phar 
macological activity, namely, psychotropic activity and pain 
relief, as is described in detail in Us. patent application Ser. 
No. 10/808,540, in addition to the high stability of the chemi 
cal conjugates described herein. 
[0142] Alternatively, and according to a presently most 
preferred embodiment of the present invention, the second 
chemical moiety in the chemical conjugates of the present 
invention is a GABA agonist residue. 
[0143] As used herein, the phrase “GABA agonist residue” 
refers to a residue, as this term is de?ned hereinabove, of a 
GABA agonist, While the term “GABA agonist” describes 
compounds that are capable of activating the GABA system 
in the brain either directly or indirectly, including compounds 



US 2009/0298814 A1 

that directly bind the GABA receptor or to any other receptor 
that affects the GABA system and are therefore pharmaco 
logically related to GABA. The term “GABA agonist” is 
hence understood to include, but is not restricted to, GABA 
itself, Whereas the term “GABA agonist residue” is hence 
understood to include, but is not restricted to, a residue of 
GABA. 

[0144] Thus, GABA agonist residues, according to the 
present invention, include, in addition to the GABA (y-ami 
nobutyric acid) residue itself, residues of other GABA agonist 
Which can be covalently coupled to an anti-psychotic drug 
and further include a free amine group. 

[0145] Examples of such GABA agonists residues include, 
Without limitation, an aminooxyacetic acid residue, a [3-(4 
chlorophenyl)-y-aminobutyric acid residue, a piperidine-4 
sulfonic acid residue, an 3-aminopropylphosphonous acid 
residue, an 3-aminopropylphosphinic acid residue, an 
3-(aminopropyl)methylphosphinic acid residue, a l-(ami 
nomethyl)cyclohexaneacetic acid residue (gabapentin), an 
4-amino-5-hexenoic acid (y-vinyl GABA, vigabatrin) and an 
3-(2-imidaZolyl)-4-aminobutanoic acid residue. 
[0146] As described hereinabove, in each of the chemical 
conjugates described herein, the organic acid residue is 
covalently coupled to a psychotropic drug residue. The psy 
chotropic drug residue, according to the present invention, 
can be, for example, a residue derived from anti-psychotic 
drugs, anxiolytic drugs, MAO inhibitors, anti-depressants, 
anti-convulsive drugs, anti-parkinsonian drugs, and acetyl 
choline esterase inhibitors. The psychotropic drugs can be 
tricyclic, bicyclic or monocyclic. 
[0147] According to a preferred embodiment of the present 
invention, the psychotropic drug residues are preferably 
derived from anti-psychotic drugs, including typical and 
atypical psychotic drugs. 
[0148] Particularly preferred psychotropic drugs, accord 
ing to the present invention, are those having an amine group, 
a thiol group or a hydroxyl group, as these terms are de?ned 

hereinbeloW, Which can be reacted With the organic acid or a 
reactive derivative thereof. Such groups can be present in the 
psychotropic drug either as a free functional group or as a part 
of another functional group, e. g., an amide group, a carboxy 
lic acid group and the like, as these terms are de?ned herein 
beloW. Other psychotropic drugs, Which have other functional 
groups, can also be used, upon converting a functional group 
thereof to a hydroxyl, thiol or amine group. 

[0149] Representative examples of residues of such psy 
chotropic drugs include, Without limitation, a perphenaZine 
residue, a ?uphenaZine residue, a Zuclopenthixol residue, a 
thiopropaZate residue, a haloperidol residue, a benperidol 
residue, a bromperidol residue, a droperidol residue, a spip 
erone residue, a pimoZide residue, a piperacetaZine residue, 
an amilsulpride residue, a sulpiride residue, a clothiapine 
residue, a Ziprasidone residue, a remoxipride residue, a sul 
topride residue, an aliZapride residue, a nemonapride residue, 
a cloZapine residue, an olanZapine residue, a Ziprasidone 
residue, a sertindole residue, a quetiapine residue, a ?uoxet 
ine residue, a ?uvoxamine residue, a desipramine residue, a 
paroxetine residue, a sertraline residue, a valproic acid resi 
due a temaZepam residue, a ?utemaZepam residue, a dox 
efaZepam residue, an oxaZepam residue, a loraZepam residue, 
a lormetaZepam residue, a cinolaZepam residue, a ?utaZolam 
residue, a lopiraZepam residue, a meprobamate residue, a 
carisoprodol residue, an acetophenaZine residue, a carphena 
Zine residue, a dixyraZine residue, a priciaZine residue, a 
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pipothiaZine residue, a homophenaZine resdiue, a 
perimetaZine residue, a perthipentyl residue, a ?upentixol 
residue, a pi?utixol residue, a te?utixol residue, an oxy 
pethepin residue, a tri?uperidol residue, a pen?uridol residue, 
a meclobemide residue, a norclomipramine residue, an amox 
apine residue, a nortriptyline residue, a protriptyline residue, 
a reboxetine residue, a tacrine residue, a rasagiline residue, an 
amantadine residue, a phenobarbital residue and a phenyloin 
residue. 
[0150] According to a preferred embodiment of the present 
invention, the psychotropic drug residue further exerts anti 
proliferative activity. Such dual active psychotropic drugs 
include, for example, phenothiaZines and derivatives thereof. 
[0151] According to another preferred embodiment of the 
present invention, the psychotropic drug residue further 
exerts chemosensitiZation activity. Such dual active psycho 
tropic drugs include, for example, phenothiaZines and deriva 
tives thereof, thioxanthenes and derivatives thereof, cloZap 
ine, clomipramine and paroxetine. 
[0152] As used herein, the term “chemosensitiZation” 
means an increase or an enhancement of the measured cyto 

toxicity of a chemotherapeutic agent on cancer cells, particu 
larly multidrug resistant cancer cells, in the presence of a 
chemosensitiZing agent, as is compared to the level of cyto 
toxicity exerted by the chemotherapeutic agent in the absence 
of the chemosensitiZing agent. 
[0153] The terms “chemosensitiZing agent” and 
“chemosensitiZer”, Which are used herein interchangeably, 
describe compounds that render cancer cells more sensitive to 
chemotherapy. 
[0154] The second chemical moiety in the chemical conju 
gates of the present invention is covalently linked to the ?rst 
chemical moiety preferably via an ester bond. The ester bond 
can be a carboxylic ester bond, an oxyalkyl carboxylic ester 
bond, an amide bond or a thioester bond. 
[0155] As used herein, the phrase “carboxylic ester bond” 
includes an “iO4C(:O)i” bond. 
[0156] As used herein, the phrase “oxyalkyl carboxylic 
ester bond” includes an “OiR4O4C(:O)i” bond, 
Where R is an alkyl, as de?ned hereinabove. Preferably R is 
methyl. 
[0157] The phrase “amide bond” includes a “iNH4C 
(:O)i” bond. 
[0158] The phrase “thioester bon ” includes a “iS4C 

(:O)i” bond. 
[0159] Such ester bonds are knoWn to be hydroliZable by 
brain derived enzymes, such as esterases and amidases, and 
hence the chemical conjugates of the present inventions can 
act as prodrugs that are metaboliZed in the brain and thereby 
simultaneously release the psychotropic drug and the organic 
acid, thus, providing for advantageous co-pharmacokinetics 
for the psychotropic drug and the organic acid. 
[0160] This feature is highly advantageous since it provides 
(i) a simultaneous action of the psychotropic drug and the 
organic acid, Which synergistically results in reduced side 
effects induced by the drug and in dual activity of both moi 
eties; (ii) higher a?inity of the prodrug to the dopaminergic 
receptors Which results in synergistically higher psychotropic 
activity and synergistically higher anti-proliferative activity 
toWard brain proliferative disorders; and (iii) improved brain 
permeability of both chemical moieties. 
[0161] According to another aspect of the present inven 
tion, there is provided a process of preparing the chemical 
conjugates presented herein namely, a process of preparing 
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the acid addition salts of chemical conjugates Which include 
tWo chemical moieties being covalently linked to one another, 
Wherein one chemical moiety is a psychotropic drug residue 
and the other chemical moiety is an organic acid residue 
containing an amino group. 
[0162] The process, according to this aspect of the present 
invention, is generally effected by providing an N-protected 
form of the chemical conjugate (in Which the amine group of 
the second moiety is protected by an N-protecting group); 
removing the N-protecting group, to thereby provide a free 
base form of the chemical conjugate; and contacting this free 
base form of the chemical conjugate With an acid, referred to 
herein as the ?rst acid, to thereby provide the acid addition 
salt of the chemical conjugate. 
[0163] Non-limiting examples of acids that are suitable for 
use a the ?rst acid in this context of the present invention 
include, Without limitation, hydrochloric acid, acetic acid, 
ascorbic acid, benZenesulfonic acid, camphorsulfonic acid, 
citric acid, maleic acid, methanesulfonic acid, naphthalene 
sulfonic acid, oxalic acid, phosphoric acid, succinic acid, 
sulfuric acid, tartaric acid, toluenesulfonic acid and tri?uoro 
acetic acid. 
[0164] The phrase “N-protecting group” as used herein 
describes a chemical moiety Which is covalently bound to the 
nitrogen atom of an amine group of a chemical substance, 
such that this amine group is rendered inactive, or blocked 
from reacting With other chemical species as long as the 
protecting group is attached thereto. The protecting group is 
selected such that it can be readily removed at certain Well 
knoWn chemical and/or physical conditions, Which do not 
affect other groups in the compound. Typically, each protect 
ing group can be removed under conditions Which are speci?c 
thereto.A suitable protecting group is therefore often selected 
upon these conditions, Whereby these conditions determine 
the ability to safely remove the protecting group Without 
affecting other chemical and structural features of the com 
pound. Such chemical and/ or physical conditions may be, for 
example, temperature, pH, pressure and the like. 
[0165] The removal of the N-protecting group, according to 
preferred embodiments of the present invention, is carried out 
under acidic conditions. Acidic conditions include, for 
example, an acidic environment Which comprises an acid 
(organic or inorganic). 
[0166] Non-limiting examples of N-protecting groups that 
are suitable for use in the context of the present invention 
include benZyloxycarbonyl (CBZ), t-butoxycarbonyl 
(t-BOC), ?uorenylmethoxycarbonyl (Fmoc), phthalimides 
(Pht) and benZenesulfonyl (Ts). 
[0167] As discussed herein, the formation of an acid addi 
tion salt of the free-base form of the chemical conjugate 
occurs once the N-protecting group is removed from the 
amino group of the organic acid residue. Preferably, the 
removal of the protecting group is effected by means of react 
ing the N-protected conjugate With an acid. Once the protect 
ing group has been removed, the resulting free base can be 
?rst isolated and/or be directly reacted With the ?rst acid so as 
to obtain the ?nal and desired addition salt. 
[0168] Hence, according to preferred embodiments, 
removing the N-protecting group is effected prior to contact 
ing the obtained free base form of the chemical conjugate 
With the ?rst acid for the addition salt, such that the chemical 
conjugate, in its free base form, is ?rst isolated and thereafter 
reacted With the ?rst acid to form the acid addition salt suc 
cessively. 
[0169] According to another preferred embodiment of the 
present invention, the removal of the protecting group can be 
effected by contacting the N-protected chemical conjugate 
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With a second acid, such as, but not limited to, tri?uoroacetic 
acid or methanesulfonic acid. Once deprotection is effected 
by the second acid, the second acid is quenched and removed 
and the free-base form of the chemical conjugate is isolated. 
Thereafter the ?rst acid is introduced so as to form the acid 
addition salt. 
[0170] Exemplary acids that are suitable to prepare the 
addition salts of the chemical conjugates according to this 
embodiment of the present invention in the successive depro 
tection and salt formation include, Without limitation, acetic 
acid, ascorbic acid, camphorsulfonic acid, citric acid, maleic 
acid, methanesulfonic acid, oxalic acid, phosphoric acid, suc 
cinic acid and tartaric acid. 
[0171] As discussed herein, the free base form of the 
chemical conjugates described herein may be highly 
unstable, as demonstrated for the perphenaZine-GABA con 
jugate in the Examples section that folloWs. Hence, altema 
tively, the removal of the protecting group is effected con 
comitantly With the formation of the addition salt, such that 
the acid used for the deprotection procedure also serves as the 
?rst acid that forms the ?nal desired addition salt, Without 
isolating the free base form of the chemical conjugate. 
[0172] Thus, according to still another preferred embodi 
ment, removing the N-protecting group and contacting the 
obtained free base With the acid of the addition salt are 
effected concomitantly, more preferably under the same reac 
tion conditions and in the same reaction pot, namely, in-situ. 
[0173] Exemplary acids that are suitable to prepare addi 
tion salts of the chemical conjugates according to this 
embodiment of the present invention, in the concomitant 
deprotection and salt formation, include, Without limitation, 
hydrochloric acid, benZenesulfonic acid, camphorsulfonic 
acid, methanesulfonic acid, naphthalenesulfonic acid and 
toluenesulfonic acid. 
[0174] Removing the N-protecting group and/or reacting 
the free base form of the conjugate With the ?rst acid are 
preferably performed under such conditions that Would not 
affect the structural and chemical features of the conjugate. 
Special attention is taken regarding the bond linking the psy 
chotropic drug residue and the organic acid residue. Thus, 
preferably, the process of preparing the acid addition salt is 
performed under such conditions that Would not lead to the 
formation of degradation products of the conjugate. These 
include, for example, dry nitrogen atmosphere, loW tempera 
tures (loWer than 50° C.), and the like, as is detailed here 
inunder. The appearance of degradation products is prefer 
ably monitored (e.g., by HPLC) during the process. 
[0175] Solvent effect studies Were carried out to ?nd the 
most suitable solvent Which Will effect the precipitation of the 
acid addition salt (the desired product). These studies deter 
mined that amongst the tested solvents, suitable solvents 
include dichloromethane, acetonitrile and THE, Whereby the 
presently most suitable solvent, according to the present 
embodiments, is acetonitrile. 
[0176] The process of the concomitant deprotection and 
addition salt formation may further include the addition of an 
anti-solvent, Which serves to promote the precipitation of the 
acid addition salt and thus further to drive the reaction 
toWards completion. Exemplary anti-solvents that are suit 
able for use in this context of the present embodiments 
include, Without limitation, hexane (s), heptane(s), octane(s), 
benZene, toluene, xylene(s) and any mixture thereof. Prefer 
ably, the anti-solvent is heptane and/ or toluene. 
[0177] The process of the concomitant deprotection and 
addition salt formation may optionally be performed in such 
a solvent, in Which the N-protected chemical conjugate and 
the ?rst acid are both dissolvable, Whereby during the reac 
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tion, the formed acid addition salt product precipitates out of 
the solution, thereby driving the reaction toWards completion. 
Exemplary suitable solvents include, Without limitation, 
acetone, alkyl acetate (e.g., isobutyl acetate) and a combina 
tion thereof. 

[0178] As is demonstrated in the Examples section that 
folloWs, using the process described above, the chemical 
conjugates described herein are obtained in a purity that is 
equal or greater than 97%, preferably greater than 98.5%, as 
determined by HPLC analyses, and a yield that is equal or 
greater than 70%, preferably greater than 77%. 
[0179] In the course of preparing the novel acid addition 
salts of the chemical conjugates presented herein, novel and 
improved synthetic pathWays have been developed for pre 
paring the conjugates of psychotropic drugs and organic 
acids, initially described in WO 03/026563 and Us. patent 
application Ser. No. 10/808,541. These neWly developed pro 
cesses further served for preparing an amino-protected form 
of the conjugates of psychotropic drugs and amino-contain 
ing organic acids Which Were used for preparing the various 
addition salts described hereinabove, including hydrochloric 
acid (HCl) addition salts of these conjugates. 
[0180] Thus, according to an additional aspect of the 
present invention, there is provided a process of preparing a 
chemical conjugate Which comprises a psychotropic drug 
residue and an organic acid residue that is selected so as to 
exert additional therapeutic effects over that of the psycho 
tropic drug, enhance its e?icacy and reduce side-effects 
thereof. The process, according to this aspect of the present 
invention, can be utiliZed for preparing any of the conjugates 
described in WO 03/026563 and Us. patent application Ser. 
No. 10/ 808,541, and is particularly useful for preparing such 
conjugates in Which the organic acid residues comprises an 
amino group. This process is generally effected by converting 
the organic acid to a reactive intermediate/ derivative thereof 
and reacting this reactive intermediate/derivative With the 
psychotropic drug, in the presence of a solvent and an organic 
base. 

[0181] The chemical conjugates obtained by the process 
according to this aspect of the present invention, in Which the 
organic acid is an amino-containing organic acid, are in a free 
base form thereof. The process disclosed herein Was designed 
so as to perform this reaction under mild conditions, particu 
larly as compared With the process described in WO 
03/026563 and Us. patent application Ser. No. 10/808,541. 
[0182] During the coupling reaction, a bond is formed 
betWeen the carboxylic acid group of the organic acid, and a 
functional group of the psychotropic drug, being, for 
example, a hydroxyl, a thiol or an amine, so as to form, for 
example, an ester bond in case of a hydroxyl, a thioester in 
case of a thiol and an amide in case of an amine, betWeen the 
organic acid residue and the psychotropic drug residue. 
[0183] The process for preparing the chemical conjugates 
according to this aspect of the present invention is based on 
tWo approaches, as folloWs: 

[0184] One approach is based on reacting the organic acid, 
preferably an N-protected amino-containing organic acid, 
With quantitative amounts of an acyl halide in the presence of 
an organic base so as to form a highly reactive mixed anhy 
dride derivative thereof, and thereafter reacting this mixed 
anhydride derivative With the psychotropic drug, so as to 
obtain the chemical conjugate, preferably in an N-protected 
form thereof. 

[0185] According to preferred embodiments of the present 
invention, the acyl halide is selected from the group consist 
ing of pivaloyl chloride, acetyl chloride, isobutyryl chloride 
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and 3,3-dimethyl-butyryl chloride, and more preferably the 
acyl halide is pivaloyl chloride. 
[0186] The presence of the organic base is aimed at pro 
moting the anhydride and conjugate formation reactions and 
leading to the reactions completion. Hence, the molar ratio of 
the organic base and the organic acid preferably ranges from 
about 2:1 to about 1:1, more preferably from about 1.5:1 to 
about 1:1, more preferably from about 1.3:1 to about 1:1, and 
is preferably about 1:1. Thus, the organic base is preferably 
added in quantitative amounts With respect to the starting 
organic acid and psychotropic drug. 
[0187] The conjugation reaction can be carried out in a 
solvent such as, for example, tetrahydrofurane (THE), pref 
erably at room temperature, or otherWise at a slightly elevated 
temperature, preferably loWer than 500 C., and over a time 
period Which ranges from about 10 hours to about 20 hours. 
[0188] Exemplary organic bases that are suitable for use in 
this context of the present invention include triethylamine, 
4-dimethylaminopyridine, diethylamine, N-methylmorpho 
line and piperidine. Preferably the organic base is triethy 
lamine. 
[0189] In another approach, reacting the organic acid and 
the psychotropic drug is performed in the presence of a dehy 
drating (coupling) agent, a solvent, and an organic base. 
[0190] Reacting the organic acid With the psychotropic 
drug is preferably performed at room temperature, or other 
Wise at a slightly elevated temperature, preferably loWer than 
500 C. 
[0191] The yields and purity of the product Were compared 
With those obtained by the process described in WO 
03/026563 and Us. patent application Ser. No. 10/808,541, 
in Which DMF Was used as the solvent, to evaluate the solvent 
effect. It Was found that dichloromethane is a more suitable 
solvent for perphenaZine and a better anti-solvent for the 
formed byproduct 5,6-dihydrouracil (DHU) Which readily 
precipitated in dichloromethane as a ?ne free ?oWing solid. 
Thus, in preferred embodiments, the solvent is dichlo 
romethane. 
[0192] The phrase “dehydrating agent”, as used herein, 
describes a reagent Which promotes a coupling reaction in 
Which one or more Water molecules are released. Dehydration 
agents typically act by reducing the concentration of the 
released Water molecules in the reaction mixture, to thereby 
drive the reaction toWards products formation. Exemplary 
dehydrating agents that are suitable for use in this context of 
the present invention include, Without limitation, N,N'-dicy 
clohexylcarbodiimide (DCC), N,N'-diisopropylcarbodiim 
ide (DIC), 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 
(EDC) and N,N'-carbonyldiimidaZole (CDT). 
[0193] The organic base is used in this process in catalytic 
amounts With respect to the starting N-protected amino acid 
and psychotropic drug. Hence, preferably, the molar ratio of 
the organic base and the organic acid ranges from about 
0.05:1 to about 0.5:1, more preferably from about 0.1:1 to 
about 0.5: 1, and more preferably is about 0.3: 1. 
[0194] Exemplary organic bases that are suitable for use in 
this context of the present invention include, Without limita 
tion, triethylamine, 4-dimethylaminopyridine, diethylamine, 
N-methylmorpholine and piperidine. Preferably the organic 
base is 4-dimethylaminopyridine. 
[0195] The dehydrating agent-driven coupling reaction is 
preferably carried out during a time period Which ranges from 
2 hours to 6 hours. 
[0196] Alternatively, a mixture of the psychotropic drug, 
the organic base and the organic acid is prepared in a form of 
a slurry prior to the coupling reaction. Preferably, this slurried 
mixture is prepared at a temperature that ranges from about 00 
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C. to 5° C. The dehydrating agent is thereafter added portion 
Wise to the slurry, and the resulting mixture is allowed to 
Warm to room temperature. Such a coupling reaction can be 
completed overnight While agitating the mixture at room tem 
perature. 
[0197] Using the process presented above, the chemical 
conjugates are obtained in higher yield and purity, particu 
larly as compared to conjugates obtained by the process 
described in WO 03/026563 and US. patent application Ser. 
No. 10/808,541. Depending on the selected approach, the 
yield may be as high as 90% for the mixed anhydride 
approach, and as high as 98% yield for the dehydrating agent 
approach. Preferably, the purity of the product obtained by the 
present process, as determined by HPLC, is equal to or higher 
than 98%, more preferably the purity is equal to or higher than 
99% and even equal to or higher than 99.5%. 

[0198] These neW and e?icient synthetic approaches for 
preparing the chemical conjugates in a free base form thereof, 
Which are presented and demonstrated in detail in the 
Examples section that folloWs, and exempli?ed by Examples 
3, 4 and 5, Were used to prepare the starting N-protected 
chemical conjugate Which Was subsequently used in the 
preparation of the novel addition salts of the chemical conju 
gates presented herein. 
[0199] Any of the processes presented hereinabove can be 
utiliZed to prepare hydrochloric acid addition salts thereof. A 
hydrochloric acid addition salt can be obtained by reacting an 
N-protected chemical conjugate, preferably prepared as 
described herein, With hydrochloric acid, Whereby the reac 
tion can be effected by any one of the processes for preparing 
an addition salt Which are presented hereinabove, or by the 
process described in WO 03/026563 and US. patent applica 
tion Ser. No. 10/808,541. 
[0200] Further according to the present invention there is 
provided a pharmaceutical composition Which comprises the 
chemical conjugate of the invention, as an active ingredient, 
and further comprises a pharmaceutically acceptable carrier. 
[0201] As used herein a “pharmaceutical composition” 
refers to a preparation of one or more of the chemical conju 
gates described herein, With other chemical components such 
as pharmaceutically suitable carriers and excipients. The pur 
pose of a pharmaceutical composition is to facilitate admin 
istration of a compound to a subject. 

[0202] Hereinafter, the term “pharmaceutically acceptable 
carrier” refers to a carrier or a diluent that does not cause 
signi?cant irritation to a subject and does not abrogate the 
biological activity and properties of the administered com 
pound. Examples, Without limitations, of carriers are propy 
lene glycol, saline, emulsions and mixtures of organic sol 
vents With Water. 

[0203] Herein the term “excipient” refers to an inert sub 
stance added to a pharmaceutical composition to further 
facilitate administration of a compound. Examples, Without 
limitation, of excipients include calcium carbonate, calcium 
phosphate, various sugars and types of starch, cellulose 
derivatives, gelatin, vegetable oils and polyethylene glycols. 
[0204] In one embodiment of the present invention, the 
pharmaceutical composition is formulated as a solution, for 
administration by injection. According to this embodiment, 
the pharmaceutical carrier can be, for example, an aqueous 
solution of lactic acid, e.g., a 1% solution of lactic acid. 

[0205] In another embodiment of the present invention, the 
pharmaceutical composition is formulated for oral adminis 
tration, either as a solution, as described hereinabove, or as a 
solid dosage form. When formulated for oral administration, 
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the pharmaceutical composition can be in a form of, for 
example, capsules, pills and tablets, as is detailed here 
inunder. 
[0206] In this respect, it should be pointed out that some of 
the chemical conjugates of the present invention, according to 
preferred embodiments, are readily soluble in aqueous media 
and are therefore easily formulated. Such convenient formu 
lation provides an additional advantage of the chemical con 
jugates of the present invention over the known conjugates of 
psychotropic drugs, Which typically include long-chain fatty 
acids and are therefore non-soluble in aqueous media and 
administered as oily formulation. 
[0207] Techniques for formulation and administration of 
drugs may be found in “Remington’s Pharmaceutical Sci 
ences,” Mack Publishing Co., Easton, Pa., latest edition, 
Which is incorporated herein by reference. 
[0208] Suitable routes of administration may, for example, 
include oral, rectal, transmucosal, transdermal, intestinal or 
parenteral delivery, including intramuscular, subcutaneous 
and intramedullary injections as Well as intrathecal, direct 
intraventricular, intravenous, intraperitoneal, intranasal, or 
intraocular injections. Pharmaceutical compositions of the 
present invention may be manufactured by processes Well 
knoWn in the art, e.g., by means of conventional mixing, 
dissolving, granulating, dragee-making, levigating, emulsi 
fying, encapsulating, entrapping or lyophiliZing processes. 
[0209] Pharmaceutical compositions for use in accordance 
With the present invention thus may be formulated in conven 
tional manner using one or more pharmaceutically acceptable 
carriers comprising excipients and auxiliaries, Which facili 
tate processing of the active compounds into preparations 
Which can be used pharmaceutically. Proper formulation is 
dependent upon the route of administration chosen. 
[0210] For injection, the chemical conjugates of the inven 
tion may be formulated in aqueous solutions, preferably in 
physiologically compatible buffers such as Hank’s solution, 
Ringer’s solution, or physiological saline buffer With or With 
out organic solvents such as propylene glycol, polyethylene 
glycol. For transmucosal administration, penetrants are used 
in the formulation. Such penetrants are generally knoWn in 
the art. 

[0211] For oral administration, the chemical conjugates 
can be formulated readily by combining the active com 
pounds With pharmaceutically acceptable carriers Well 
knoWn in the art. Such carriers enable the conjugates of the 
invention to be formulated as tablets, pills, dragees, capsules, 
liquids, gels, syrups, slurries, suspensions, and the like, for 
oral ingestion by a patient. Pharmacological preparations for 
oral use can be made using a solid excipient, optionally grind 
ing the resulting mixture, and processing the mixture of gran 
ules, after adding suitable auxiliaries if desired, to obtain 
tablets or dragee cores. Suitable excipients are, in particular, 
?llers such as sugars, including lactose, sucrose, mannitol, or 
sorbitol; cellulose preparations such as, for example, maiZe 
starch, Wheat starch, rice starch, potato starch, gelatin, gum 
tragacanth, methyl cellulose, hydroxypropylmethyl-cellu 
lose, sodium carbomethylcellulose and/or physiologically 
acceptable polymers such as polyvinylpyrrolidone (PVP). If 
desired, disintegrating agents may be added, such as cross 
linked polyvinyl pyrrolidone, agar, or alginic acid or a salt 
thereof such as sodium alginate. 
[0212] Dragee cores are provided With suitable coatings. 
For this purpose, concentrated sugar solutions may be used 
Which may optionally contain gum arabic, talc, polyvinyl 
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pyrrolidone, carbopol gel, polyethylene glycol, titanium 
dioxide, lacquer solutions and suitable organic solvents or 
solvent mixtures. Dyestuffs or pigments may be added to the 
tablets or dragee coatings for identi?cation or to characterize 
different combinations of active compound doses. 
[0213] Pharmaceutical compositions, Which can be used 
orally, include push-?t capsules made of gelatin as Well as 
soft, sealed capsules made of gelatin and a plasticizer, such as 
glycerol or sorbitol. The push-?t capsules may contain the 
active ingredients in admixture With ?ller such as lactose, 
binders such as starches, lubricants such as talc or magnesium 
stearate and, optionally, stabilizers. In soft capsules, the 
active compounds may be dissolved or suspended in suitable 
liquids, such as fatty oils, liquid para?in, or liquid polyethyl 
ene glycols. In addition, stabilizers may be added. All formu 
lations for oral administration should be in dosages suitable 
for the chosen route of administration. 
[0214] For buccal administration, the compositions may 
take the form of tablets or lozenges formulated in conven 
tional manner. 

[0215] For administration by inhalation, the chemical con 
jugates for use according to the present invention are conve 
niently delivered in the form of an aerosol spray presentation 
from a pressurized pack or a nebulizer With the use of a 

suitable propellant, e. g., dichlorodi?uoromethane, trichlorof 
luoromethane, dichloro-tetra?uoroethane or carbon dioxide. 
In the case of a pressurized aerosol, the dosage unit may be 
determined by providing a valve to deliver a metered amount. 
Capsules and cartridges of, e.g., gelatin foruse in an inhaler or 
insuf?ator may be formulated containing a poWder mix of the 
compound and a suitable poWder base such as lactose or 
starch. 
[0216] The chemical conjugates described herein may be 
formulated for parenteral administration, e. g., by bolus inj ec 
tion or continuous infusion. Formulations for injection may 
be presented in unit dosage form, e.g., in ampoules or in 
multidose containers With optionally, an added preservative. 
The compositions may be suspensions, solutions or emul 
sions in oily or aqueous vehicles, and may contain formula 
tory agents such as suspending, stabilizing and/ or dispersing 
agents. 
[0217] Pharmaceutical compositions for parenteral admin 
istration include aqueous solutions of the active compound in 
Water-soluble form. Additionally, suspensions of the active 
compounds may be prepared as appropriate oily injection 
suspensions. Suitable lipophilic solvents or vehicles include 
fatty oils such as sesame oil, or synthetic fatty acids esters 
such as ethyl oleate, triglycerides or liposomes. Aqueous 
injection suspensions may contain substances, Which 
increase the viscosity of the suspension, such as sodium car 
boxymethyl cellulose, sorbitol or dextran. Optionally, the 
suspension may also contain suitable stabilizers or agents 
Which increase the solubility of the conjugates to alloW for the 
preparation of highly concentrated solutions. 
[0218] Alternatively, the active ingredient may be in poW 
der form for constitution With a suitable vehicle, e. g., sterile, 
pyrogen-free Water, before use. 
[0219] The chemical conjugates of the present invention 
may also be formulated in rectal compositions such as sup 
positories or retention enemas, using, e. g., conventional sup 
pository bases such as cocoa butter or other glycerides. 

[0220] The pharmaceutical compositions herein described 
may also comprise suitable solid of gel phase carriers or 
excipients. Examples of such carriers or excipients include, 
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but are not limited to, calcium carbonate, calcium phosphate, 
various sugars, starches, cellulose derivatives, gelatin and 
polymers such as polyethylene glycols. 
[0221] Pharmaceutical compositions suitable for use in 
context of the present invention include compositions 
Wherein the active ingredients are contained in an amount 
effective to achieve the intended purpose. More speci?cally, a 
therapeutically effective amount means an amount of chemi 
cal conjugate effective to prevent, alleviate or ameliorate 
symptoms of disease or prolong the survival of the subject 
being treated. 
[0222] Determination of a therapeutically effective amount 
is Well Within the capability of those skilled in the art, espe 
cially in light of the detailed disclosure provided herein. 
[0223] For any chemical conjugate used in the methods of 
the invention, the therapeutically effective amount or dose 
can be estimated initially from activity assays in cell cultures 
and/or animals. For example, a dose can be formulated in 
animal models to achieve a circulating concentration range 
that includes the IC50 as determined by activity assays (e. g., 
the concentration of the test compound, Which achieves a 
half-maximal inhibition of the proliferation activity). Such 
information can be used to more accurately determine useful 
doses in humans. 
[0224] Toxicity and therapeutic e?icacy of the chemical 
conjugates described herein can be determined by standard 
pharmaceutical procedures in experimental animals, e.g., by 
determining the IC50 and the LD50 (lethal dose causing 
death in 50% of the tested animals) for a subject compound. 
The data obtained from these activity assays and animal stud 
ies can be used in formulating a range of dosage for use in 
human. 

[0225] The dosage may vary depending upon the dosage 
form employed and the route of administration utilized. The 
exact formulation, route of administration and dosage can be 
chosen by the individual physician in vieW of the patient’s 
condition. (See, e.g., Fingl, et al., 1975, in “The Pharmaco 
logical Basis of Therapeutics”, Ch. 1 p. l). 
[0226] Dosage amount and interval may be adjusted indi 
vidually to provide plasma levels of the active moiety Which 
are su?icient to maintain the psychotropic and/or the anti 
proliferative effects, termed the minimal effective concentra 
tion (MEC). The MEC Will vary for each preparation, but can 
be estimated from in vitro and/or in vivo data, e.g., the con 
centration necessary to achieve 50-90% inhibition of a pro 
liferation of certain cells may be ascertained using the assays 
described herein. Dosages necessary to achieve the MEC Will 
depend on individual characteristics and route of administra 
tion. HPLC assays or bioassays can be used to determine 
plasma concentrations. 
[0227] Dosage intervals can also be determined using the 
MEC value. Preparations should be administered using a 
regimen, Which maintains plasma levels above the MEC for 
10-90% of the time, preferable betWeen 30-90% and most 
preferably 50-90%. 
[0228] Depending on the severity and responsiveness of the 
condition to be treated, dosing can also be a single adminis 
tration of a sloW release composition described hereinabove, 
With course of treatment lasting from several days to several 
Weeks or until cure is effected or diminution of the disease 
state is achieved. 

[0229] The amount of a composition to be administered 
Will, of course, be dependent on the subject being treated, the 
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severity of the af?iction, the manner of administration, the 
judgment of the prescribing physician, etc. 
[0230] Compositions of the present invention may, if 
desired, be presented in a pack or dispenser device, such as a 
FDA approved kit, Which may contain one or more unit dos 
age forms containing the active ingredient. The pack may, for 
example, comprise metal or plastic foil, such as a blisterpack. 
The pack or dispenser device may be accompanied by instruc 
tions for administration. The pack or dispenser may also be 
accompanied by a notice associated With the container in a 
form prescribed by a governmental agency regulating the 
manufacture, use or sale of pharmaceuticals, Which notice is 
re?ective of approval by the agency of the form of the com 
positions or human or veterinary administration. Such notice, 
for example, may be of labeling approved by the US. Food 
and Drug Administration for prescription drugs or of an 
approved product insert. Compositions comprising a chemi 
cal conjugate of the invention formulated in a compatible 
pharmaceutical carrier may also be prepared, placed in an 
appropriate container, and labeled for treatment of an indi 
cated condition. Suitable conditions include, for example, 
CNS diseases and disorders such as schizophrenia, paranoia, 
childhood psychoses, Huntington’s disease, Gilles de la 
Tourette’s syndrome, depression, manic depression, anxiety 
disorders, Parkinson disease, Alzheimer disease and epilepsy, 
brain proliferative disorders and MDR cancer, and chemosen 
sitization, as this term is de?ned hereinabove. 

[0231] Hence, according to preferred embodiments of the 
present invention, the pharmaceutical composition described 
herein is packaged in a packaging material and is identi?ed in 
print, on or in the packaging material, for one or more of the 
folloWing uses: for use in the treatment of CNS disorders or 
diseases, for use in the treatment of brain or peripheral pro 
liferative disorders or diseases, for use in the treatment of 
cancer such as MDR cancer and for use in chemosensitiza 

tion, in combination With a chemotherapeutic agent and/ or in 
a medical condition for Which chemosensitization is bene? 
cial. 

[0232] Further according to the present invention, there is 
provided a method for treating or preventing a CNS disorder 
or disease in a subject (e.g., a human being). The method is 
effected by administering a therapeutically effective amount 
of one or more of the chemical conjugates of the invention to 
a treated subject. 

[0233] As used herein, the term “method” refers to man 
ners, means, techniques and procedures for accomplishing a 
given task including, but not limited to, those manners, 
means, techniques and procedures either knoWn to, or readily 
developed from knoWn manners, means, techniques and pro 
cedures by practitioners of the chemical, pharmacological, 
biological, biochemical and medical arts. 

[0234] Herein, the term “treating” includes abrogating, 
substantially inhibiting, sloWing or reversing the progression 
of a disease, substantially ameliorating clinical symptoms of 
a disease or substantially preventing the appearance of clini 
cal symptoms of a disease. 

[0235] As used herein, the phrase “CNS disorder or dis 
ease” refers to a disorder or disease characterized by an 
impairment in the central nervous system. Examples of CNS 
disorders and diseases that are treatable using the chemical 
conjugates of the invention, include, Without limitation, psy 
chotic disorders or diseases, anxiety disorders, dissociative 
disorders, personality disorders, mood disorders, affective 
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disorders, neurodegenerative diseases or disorders, convul 
sive disorders, boarder line disorders and mental diseases or 
disorders. 
[0236] Representative examples of such CNS disorders or 
diseases include, Without limitation, schizophrenia, paranoia, 
childhood psychoses, Huntington’s disease, Gilles de la 
Tourette’s syndrome, depression, manic depression, anxiety, 
Parkinson disease, Alzheimer disease and epilepsy. 
[0237] The term “administering” as used herein refers to a 
method for bringing a chemical conjugate of the present 
invention into an area or a site in the brain that affected by the 
psychotropic disorder or disease. 
[0238] The chemical conjugate of the present invention can 
be administered intraperitoneally. More preferably, it is 
administered orally. 
[0239] The term “subject” refers to animals, typically 
mammals having a blood brain barrier, including human 
beings. 
[0240] The term “therapeutically effective amount” refers 
to that amount of the chemical conjugate being administered 
Which Will relieve to some extent one or more of the symp 

toms of the psychotic disorder or disease being treated. 
[0241] A therapeutically effective amount according to this 
aspect of the present invention preferably ranges betWeen 
0.01 mg/kg body and 50 mg/kg body, more preferably 
betWeen 0.01 mg/kg body and 25 mg/kg body, more prefer 
ably betWeen 0.05 mg/kg body and 10 mg/kg body and most 
preferably betWeen 0.05 mg/kg body and 5 mg/kg body. 
[0242] The present invention is thus directed to chemical 
conjugates Which exert psychotropic activity. The chemical 
conjugates of the present invention are highly advantageous 
since they exert enhanced psychotropic activity and are fur 
ther characterized by minimized adverse side effects induced 
thereby. 
[0243] The term “side effects” as used herein refers to 
adverse symptoms that may develop as a result of adminis 
tering to a subject a certain drug. Such symptoms may 
include, for example, extrapyramidal symptoms, as is 
detailed hereinabove, and are typically associated With the 
administration of antipsychotic drugs. Other side effects 
Which are typically associated With psychotropic drugs 
include, for example, orthostatic hypotension, dry mouth, 
sexual dysfunction, Weight gain, prolonged QTc intervals, 
photosensitivity, restless leg syndrome and sedation. 
[0244] Further according to the present invention, there is 
provided a method for treating or preventing a proliferative 
disorder or disease in a subject (e.g., a human being). The 
method is effected by administering a therapeutically effec 
tive amount of one or more of the chemical conjugates of the 
invention to a treated subject. 
[0245] As used herein, the term “proliferative disorder or 
disease” refers to a disorder or disease characterized by cell 
proliferation. Cell proliferation conditions Which may be pre 
vented or treated by the present invention include, for 
example, malignant tumors such as cancer and benign 
tumors. 

[0246] As used herein, the term “cancer” refers to various 
types of malignant neoplasms, most of Which can invade 
surrounding tissues, and may metastasize to different sites, as 
de?ned by Stedman’s medical Dictionary 25th edition (Hen 
syl ed., 1990). Examples of cancers Which may be treated by 
the chemical conjugates of the present invention include, but 
are not limited to, brain and skin cancers. These cancers can 
be further broken doWn. For example, brain cancers include 
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glioblastoma multiforme, anaplastic astrocytoma, astrocy 
toma, ependyoma, oligodendroglioma, medulloblastoma, 
meningioma, sarcoma, hemangioblastoma, and pineal paren 
chymal. Likewise, skin cancers include melanoma and Kapo 
si’s sarcoma. Other cancerous diseases treatable using the 
chemical conjugates of the present invention include papil 
loma, blastoglioma, ovarian cancer, prostate cancer, squa 
mous cell carcinoma, astrocytoma, head cancer, neck cancer, 
bladder cancer, breast cancer, lung cancer, colorectal cancer, 
thyroid cancer, pancreatic cancer, gastric cancer, hepatocel 
lular carcinoma, leukemia, lymphoma, Hodgkin’s lymphoma 
and Burkitt’s lymphoma. 
[0247] Other, non-cancerous proliferative disorders are 
also treatable using the chemical conjugates of the present 
invention. Such non-cancerous proliferative disorders 
include, for example, stenosis, restenosis, in-stent stenosis, 
vascular graft restenosis, arthritis, rheumatoid arthritis, dia 
betic retinopathy, angiogenesis, pulmonary ?brosis, hepatic 
cirrhosis, atherosclerosis, glomerulonephritis, diabetic neph 
ropathy, thrombic microangiopathy syndromes and trans 
plant rejection. 
[0248] The chemical conjugates of the present invention 
may further exert chemosensitiZation activity When used in 
combination With various chemotherapeutic drugs. 
[0249] Hence, further according to the present invention 
there is provided a method of chemosensitiZation, as this term 
is de?ned hereinabove. The method is effected by adminis 
tering to a subject a therapeutically effective amount of one or 
more chemotherapeutic agent(s) and a chemosensitiZing 
effective amount of the chemical conjugate of the present 
invention. 
[0250] As used herein, the phrase “chemosensitiZing effec 
tive amount” describes an amount su?icient for measurable 
chemosensitiZation in the presence of therapeutic amounts of 
a chemotherapeutic agent. 
[0251] This method is particularly useful in cases Where the 
subject has MDR cancer such as, but not limited to, leukemia, 
lymphoma, carcinoma or sarcoma. According to the present 
invention the chemotherapeutic agent may be, for example, 
one of the folloWing: an alkylating agent such as a nitrogen 
mustard, an ethylenimine and a methylmelamine, an alkyl 
sulfonate, a nitrosourea, and a triaZene; an antimetabolite 
such as a folic acid analog, a pyrimidine analog, and a purine 
analog; a natural product such as a vinca alkaloid, an epipodo 
phyllotoxin, an antibiotic, an enZyme, a taxane, and a biologi 
cal response modi?er; miscellaneous agents such as a plati 
num coordination complex, an anthracenedione, an 
anthracycline, a substituted urea, a methyl hydraZine deriva 
tive, or an adrenocortical suppressant; or a hormone or an 

antagonist such as an adrenocorticosteroid, a progestin, an 
estrogen, an antiestro gen, an androgen, an antiandrogen, or a 
gonadotropin-releasing hormone analog. Preferably, the che 
motherapeutic agent is a nitrogen mustard, an epipodophyl 
lotoxin, an antibiotic, or a platinum coordination complex. A 
more preferred chemotherapeutic agent is Cisplatin or Vin 
cistine. 
[0252] Additional objects, advantages, and novel features 
of the present invention Will become apparent to one ordi 
narily skilled in the art upon examination of the folloWing 
examples, Which are not intended to be limiting. Additionally, 
each of the various embodiments and aspects of the present 
invention as delineated hereinabove and as claimed in the 
claims section beloW ?nds experimental support in the fol 
loWing examples. 
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EXAMPLES 

[0253] Reference is noW made to the folloWing examples, 
Which together With the above descriptions, illustrate the 
invention in a non limiting fashion. 

Materials and Experimental Methods 

[0254] All reagents and solvents Were purchased from 
commercial vendors such as Aldrich, Sigma, Fluka and 
Merck. 
[0255] AN-197 and AN-168 Were prepared according to 
the procedures described in WO 03/026563, unless otherWise 
indicated. 
[0256] HPLC analyses Were performed on a Water 2695 
Separations Module, using a Luna C18 (2) 50 mm><4.6 mm><3 
um column, a 5 pl injection volume and a 2487 dual Wave 
length detector under the folloWing instrumental conditions: 
Mobile phase A: 0.1% formic acid; Mobile phase B: aceto 
nitrile; FloW rate: 0.5 ml per minute; Mobile phase gradient: 
0.0 minutes 90%A, 10% B, 14.0 minutes 20%A, 80% B, 15.0 
minutes 90% A, 10% B and 20.0 minutes 90%A, 10% B; Run 
time: 20 minutes; Detection: UV at 254 nm; Column tem 
perature: 400 C. 
[0257] NMR spectra Were recorded using a Bruker-Avance 
500 MHZ device. 
[0258] Water absorption and content measurements Were 
carried out using a Karl Fischer (KF) titrator. Karl Fischer 
titration is a classic method in analytical chemistry that uses 
calometric titration to determine the moisture content of a 
sample, Which is speci?c to Water. The titration reaction tak 
ing place in the presence of a base and 50:50 methanol: 
dichloromethane as a titration solvent. 

Karl Fischer Titration 

[0259] The Karl Fischer chemical reaction takes place 
betWeen iodine and Water With the reactants being in a 1 to 1 
ratio betWeen iodine and Water. 
[0260] The accurately Weighted samples (near 100 mg) of 
the tested compound Were placed in the titrator to determine 
the amount of sample required for measuring 10-250 pg of 
Water, and the Water content Was calculated accordingly. 

Chemical Syntheses, Analyses and Results 

Reference Example 1 

Synthesis of PerphenaZine N-Boc-4-aminobutyrate 
(AN-197) According to WO 03/026563 

[0261] 

AN-l97 

(\j/VOWNH\BOC 
01 

SE EN\/\/ N 
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[0262] AN-197 Was prepared as described in WO 
03/026563 and US. patent application Ser. No. 10/808,541. 
In brief, a mixture of N-Boc-protected y-aminobutyric acid 
(Sigma, Cat. No. 15294) (1 equivalent) and carbonyl diimi 
daZole (CD1, Fluka, Cat. No. 21860) (1.1 equivalents) in 10 
ml DMF (1 volume) Was stirred, under nitrogen atmosphere, 
for 1 hour. PerphenaZine (Sigma, Cat. No. P6402) (1 equiva 
lent) Was added thereafter and the mixture Was stirred under 
nitrogen atmosphere, at 90° C., for 24 hours. The resulting 
slurry Was evaporated and partitioned betWeen ethyl acetate 
and Water. The aqueous phase Was extracted tWice With ethyl 
acetate and the combined organic layer Was Washed trice With 
NaHCO3, tWice With brine, dried over MgSO4, ?ltered and 
evaporated. The N-protected product Was obtained as yelloW 
ish oil. 
[0263] The crude product Was puri?ed by silica gel chro 
matography, using a mixture of 20:1 ethyl acetatezethanol as 
eluent. The puri?ed product Was obtained as a yelloWish oil 
(63% yield). 
[0264] The purity of the ?nal product Was tested and found 
to be 98.83%, as determined by HPLC. 

[0265] lH-NMR (CDCl3): 6:1.43 (s, 9H, t-Bu), 1.82 
(quint, J:7.18 HZ, 2H, CH2CH2NHBoc), 1.90 (quint, J:7.18 
HZ, 2H, ArNCH2CH2), 2.35 (t, 1:897 HZ, 2H, CO2CH2), 
2.42 (m, 10H, ?ve NCHZ), 2.60 (t, 1:598 HZ, 2H, 
NCH2CH2O), 3.16 (q, 1:685 HZ, 2H, CH2NHBoc), 3.84 (t, 
J:7.2 HZ, 2H, ArNCHZ), 4.18 (t, 1:598 HZ, 2H, 
NCH2CH2O), 5.10 (bs, 1H, NH), 6.83 (m, 7H, Ar) ppm. 
[0266] l3C-NMR (CDCl3): 6:23.92 (CH2CH2NHBoc), 
24.98 (ArNCH2CH2), 28.21 (t-Bu), 39.50 (CH2CO2), 45.05 
(ArNCHZ), 52.89 (tWo NCHZ), 53.03 (tWo NCHZ), 55.15 
(ArNCH2CH2CH2), 56.34 (NCHZCHZO), 60.13 
(CH2NHBoc), 61.29 (NCHZCHZO), 78.80 (CMe3), 115.60 
(Cl,ClO), 121.96(C3), 122.65 (C8), 123.22 (C5), 124.45 (C6), 
127.21 (C7, C4), 127.62 (C9), 132.93 (C2), 144.23 (C12), 
146.23 (CH), 155.79 (NCOZ), 172.92 (CO2) ppm. 

Reference Example 2 

Synthesis of PerphenaZine 4-Aminobutyrate Hydro 
chloride (AN-168) According to WO 03/026563 

[0267] AN-168 Was prepared by removing the N-protect 
ing group from perphenaZine N-Boc-4-aminobutyrate (AN 
197), as described in WO 03/026563. Brie?y, a solution of 4 
N HCl in ethyl acetate Was added dropWise to a solution of 
N-protected product (perphenaZine N-Boc-4-aminobutyrate, 
AN-197) in ethyl acetate. The mixture Was stirred for 2 hours 
at room temperature. The solvent Was evaporated under 
vacuum thereafter and the residue Was further dried under 
high vacuum. The product Was obtained as a hydrochloride 
salt at quantitative yield and Was recrystallized from a 1:1 
mixture of methanol and ether, ?ltered and dried. 

[0268] lH-NMR (CDCl3): 6:1.93 (quint, J:7.14 HZ, 2H, 
CH2CH2NH2), 2.23 (m, 2H, ArNCH2CH2), 2.61 (t, J:7.14 
HZ, 2H, CO2CH2), 3.01 (m, 2H, CH2NH2), 3.33 (m, 2H, 
ArNCH2CH2CH2), 3.48-3.87 (m, 10H, ?ve NCHZ), 4.10 (t, 
1:64 HZ, 2H, NCH2CH2O), 4.48 (m, 2H, ArNCHZ), 7-7.31 
(m, 7H, Ar) ppm. 
[0269] l3C-NMR (CDCl3): 6:22.34 (CH2CH2NH2), 22.93 
(ArNCH2CH2), 31.11 (CH2CO2), 39.56 (CH2NH2), 44.76 
(ArNCHZ), 49.42 (tWo NCHZ), 49.61 (tWo NCHZ), 55.29 
(ArCH2CH2CH2), 56.08 (NCHZCHZO), 58.64 
(NCHZCHZO), 116.69 (C10), 117.20 (Cl), 123.49 (C3), 124. 
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19 (C8), 125.44 (C5), 126.42 (C6), 128.20 (C7), 128.56 (C9), 
128.80 (C4), 134.23 (C2), 144.97 (C12), 147.37 (CH), 173.04 
(CO2)PPII1 
[0270] MS (Cl/CH4): m/Z (%):403.09 (MH+iC4H7NO, 
100), 489.18 (MH+, 1.7). 
[0271] The ?nal product Was found to be hygroscopic With 
Water content of 1.05% Weight/Weight as measured by the 
Karl Fischer (KF) titration analysis method. 
[0272] The procedure described above Was repeated on a 
similar scale except that after the 2 hours agitation at room 
temperature, heat Was applied and the mixture Was stirred at 
40° C. for additional 2 hours. The HCl salt Was obtained as a 
tan sticky solid after ?ltration under a How of nitrogen. The 
?nal product Was found to have a Water content of 12.5% 
Weight/Weight as determined by KF analysis. 

Example 3 

Synthesis of PerphenaZine N-Boc-4-aminobutyrate 
(AN- 1 97)iRoute A 

[0273] N-Boc-GABA (1.44 equivalent) and triethylamine 
(TEA, 1.44 equivalent) in a THF solution (5 volumes) Were 
reacted With pivaloyl chloride (1.11 equivalent) to form the 
reactive mixed anhydride 4-(tert-butoxycarbonylamino)bu 
tanoic pivalic anhydride. This anhydride Was then reacted 
With perphenaZine (1.0 equivalent) for 16 hours at a tempera 
ture loWer than 50° C. The product Was isolated at a yield 
greater than 90%. HPLC analysis of the product shoWed that 
the product main peak is contaminated by an impurity (re 
?ected as a “shoulder” in the HPLC chromatogram) of 
approximately 23% by area. Further analysis shoWed that this 
impurity is 2-(4-(3 -(2-chloro-10H-phenothiaZin-10-yl)pro 
pyl)piperaZin-1-yl)ethyl pivalate, the pivalate ester of per 
phenaZine. 

Example 4 

Synthesis of PerphenaZine N-Boc-4-aminobutyrate 
(AN- 1 97)iRoute B 

[0274] N-Boc-GABA (1 equivalent) Was reacted With per 
phenaZine (1 equivalent) in the presence of dicyclohexylcar 
bodiimide (DCC, 1 equivalent) and 4-dimethylaminopyri 
dine (DMAP, 0.3 equivalent) in anhydrous dichloromethane 
(DCM) for 4 hours. The mixture Was ?ltered and the solvent 
Was removed under vacuum. The residual oil Was dissolved in 
acetonitrile, cooled to 0-5° C. for 1 hour and ?ltered. The 
acetonitrile Was removed under vacuum and the residual oil 
Was dissolved in ethyl acetate. The ethyl acetate solution Was 
consecutively Washed With citric acid solution, sodium bicar 
bonate and brine and concentrated under vacuum to afford 
AN-197 as an orange oil (97% yield) Which has a purity of 
98.8% as determined by HPLC. 

Example 5 

Synthesis of PerphenaZine N-Boc-4-aminobutyrate 
(AN- 1 97)iRoute C 

[0275] PerphenaZine (10 grams, 24.8 mmol, 1.0 equiva 
lent) and dichloromethane (60 ml, 6 volumes) Were mixed in 
a clean dry Nz-?ushed 500 ml round bottomed ?ask. 4-dim 
ethylaminopyridine (DMAP, 0.91 gram, 7.4 mmol, 0.3 
equivalent) and N-Boc-GABA (6.04 grams, 29.8 mmol, 1.2 
equivalents) Were added and the resulting cream slurry Was 
cooled to 0-5° C. to attenuate the exothermic reaction. Dicy 



US 2009/0298814 A1 

clohexylcarbodiimide (DCC, 6.44 grams, 31.2 mmol, 1.2 
equivalents) Was thereafter added in 1 gram portions and the 
slurry Was Warmed to room temperature and agitated over 
night, While monitoring the depletion of the starting material 
by HPLC. Once the reaction Was completed, the slurry Was 
cooled to 0-50 C. for 2 hours, the formed byproduct 5,6 
dihydrouracil (DHU) Was ?ltered off and the ?ltrate Was 
Washed With cold (0-5o C.) dichloromethane (2><10 ml). The 
Washed ?ltrate Was concentrated to an oil under vacuum at 

400 C., and Was redissolved thereafter in ethyl acetate (70 ml, 
7 volumes) and cooled to 0-50 C. for 2 hours. The ?ne pre 
cipitating solids Were ?ltered and Washed With cold (0-5o C.) 
ethyl acetate (2><10 ml). The ethyl acetate solution Was 
Washed With 5% citric acid solution (2><10 ml), 1 M sodium 
bicarbonate solution (2><10 ml) and brine (2><50 ml). The 
solution Was concentrated under vacuum at 400 C. to afford 
the compound AN-197 as viscous orange oil (98% yield), 
Which has a purity of 99.47% as determined by HPLC. 
[0276] The above procedure Was repeated three more 
times, using different amounts of the starting material, per 
phenaZine and Was found to be highly reproducible, by result 
ing in similar purity and yield levels of the product (AN-197). 
Speci?cally, tWo repeating experiments starting With 50 
grams of perphenaZine afforded AN-197 having a purity of 
98.9% and 99.07%, at a yield of 98% and 99%, respectively. 
In a separate experiment, starting With 100 grams of per 
phenaZine afforded AN-197 having a purity of 99.53% and a 
yield of 81%. 

Example 6 

Stability Studies of AN-1 97 

[0277] The stability of AN-197 Was determined by per 
forming an HPLC analysis daily during a period of 24 days 
and determining the appearance of perphenaZine and GABA, 
the degradation products of AN-197. A sample of AN-197, 
prepared according to the procedure described above in 
Example 4 (Route B), Was dissolved in the mobile phase 
solution used in the HPLC analysis (2:1 acetonitrile:Water, 
pH:8) and Was kept at 200 C. For comparison, a sample of 
neat AN-197 Was kept under the same conditions and Was 
similarly analyzed. 
[0278] The results shoWed that When dissolved in the 
mobile phase solution, AN-197 exhibited a higher rate of 
degradation to perphenaZine and GABA as compared to the 
degradation of the neat oil over the same time period. Thus, 
HPLC analysis of AN-197 solution in the HPLC mobile 
phase after 24 days shoWed an increase in the perphenaZine 
content from 0.42% to 7.98%, Whereby HPLC analysis of the 
neat oil shoWed only a slight breakdoWn to perphenaZine and 
GABA over the 24 day period (an increase in the perphena 
Zine content from 0.42% to 0.79%). 
[0279] To evaluate the stability ofAN-197 under conditions 
of a large scale production, characterized by longer procedure 
times, samples of AN-197, prepared according to the proce 
dure described in Example 4 above (Route B) above, dis 
solved in dichloromethane, acetonitrile or ethyl acetate Were 
heated to 400 C. overnight. Analysis of the samples folloWing 
this time period shoWed that no degradation had occurred. It 
Was therefore concluded that AN-197 is stable under such 
conditions. 
[0280] To evaluate the stability of AN-197 under acidic 
conditions, a sample of AN-197, prepared according to the 
procedure described in Example 4 (Route B) above, Was 
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dissolved in ethyl acetate and stirred in a citric acid solution 
overnight. Analysis of the ethyl acetate solution before and 
after agitation in the presence of citric acid shoWed no 
hydrolysis of the product, demonstrating that citric acid may 
serve as the acid for choice in the Work up procedure of the 
reaction product. 

Example 7 

Stability Studies of AN-1 68 

[0281] To determine the stability of the HCl salt of the 
GABA conjugate (AN-168), prepared according to the pro 
cedure described in Example 2 above, three samples of the 
salt Were studied by HPLC analyses. Thus, samples of 
AN-168 as dry salt Were kept at 5° C., 200 C. and 400 C. over 
a period of 24 day and Were analyZed by HPLC for determin 
ing the appearance of degradation products. The results of 
these studies are presented in Table 2 beloW. 

TABLE 2 

Temp . 

400 C. 200 C. 5° C. 

Per- Per- Per 

Time AN-168 phenazine AN-168 phenazine AN-168 phenazine 
(hours) % area % area % area % area % area % area 

0 98.64 1.36 98.64 1.36 98.64 1.36 

24 97.97 2.03 98.42 1.58 98.57 1.43 

48 97.70 2.30 98.31 1.69 98.52 1.48 

120 96.95 3.05 97.68 2.32 98.40 1.60 

144 97.03 2.97 97.26 2.74 98.13 1.87 

336 96.69 3.31 96.26 3.74 97.21 2.03 

456 95.55 4.45 95.58 4.51 97.95 2.05 

504 95.62 3.92 94.60 5.40 97.15 2.85 

576 95.55 4.06 93.80 5.87 96.14 3.49 

[0282] As can be seen in Table 2, AN-168 degraded into 
perphenaZine and GABA and/ or underWent trans-esteri?ca 
tion to perphenaZine and 2-pyrrolidinone over time, at each of 
the tested temperatures. 

Example 8 

Preparation of Addition Salts of AN- 1 97 With 
Organic Acids4General Procedure 

[0283] Exemplary addition salts of inorganic and organic 
acids of the chemical conjugates described herein Were syn 
thesiZed according to the general synthetic pathWay exempli 
?ed in Scheme 1 beloW. The synthetic pathWay of these salts 
generally includes (i) reacting the psychotropic agents, (e. g., 
perphenaZine), With an N-protected amino-containing 
organic acid (e.g., N-protected-y-aminobutyric acid), so as to 
obtain an N-protected chemical conjugate thereof, as 
described hereinabove; and (ii) reacting the formed N-pro 
tected chemical conjugate With inorganic or organic acid, so 
as to afford the desired acid addition salt thereof. 
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Perphenazine 

Cl 
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Cl 
*PG denotes a protecting group. 

[0284] The addition salts of several organic acids and 
AN-197 Were thus prepared according to the following gen 
eral procedure: 3 grams of AN-197 Were dissolved in an 
organic solvent, such as dichloromethane or ethyl acetate 
(10-20 ml, 2 volumes) under nitrogen atmosphere, While 
cooling the solution to 0-5° C. A solution of tri?uoroacetic 
acid (6-8 equivalents) Was added to the AN-1 97 solution, and 
the mixture Was alloWed to Warm up to room temperature or 
up to 350 C., so as to remove the N-protecting group of the 
GABA residue. After 3-16 hours, When no more AN-197 Was 
detected by HPLC, the reaction Was concentrated under 
vacuum and the resulting oil Was re-dissolved in 7 volumes of 
an organic solvent, and Was quenched by means of addition of 
1 M sodium bicarbonate (6-8 equivalents) at 0-5° C., so as to 
bring the pH of the mixture to about 8. The quenching pro 
cedure Was repeated 1-2 times, so as to afford the correspond 
ing free base of AN-197. 
[0285] A solution of an organic acid (1 -3 equivalents) in an 
organic solvent, such as acetone or isopropyl alcohol, Was 
added to the solution of the obtained free base (amine) of the 
conjugate and the mixture Was then cooled to 0-5° C., so as to 
precipitate the salt. The ?ltered solid salt Was Washed With the 
organic solvent, dried under vacuum and analyZed at room 
temperature by HPLC for traces of perphenaZine and the free 
base of the conjugate. 
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[0286] Using the general procedure described above, vari 
ous acid addition salts Were prepared and analyZed so as to 
determine the synthetic ef?ciency and product stability 
thereof. Table 3 beloW presents the obtained results. 

TABLE 3 

salt 
preci- acid:base molecular 

No. Acid no. equiv pitation ratio Weight 

1 succinic 1.5/3 .0 no/no 
2 ascorbic 1.0/3 .0 no/no 
3 oxalic 1.5/3.0 yes/yes 3:1 759.2 
4 tartaric 1.5/3 .0 no/no 
5 rnaleic 1.5/3.0 yes/yes 2:1 837.3 
6 citric 1.0/3 .0 no/no 
7 acetic 1.5/3 .0 no/no 
8 phosphoric 1.5/3 .0 no/no 
9 calnphorsulfonic 1.0/3 .0 no/no 

10 rnethanesulfonic 1.5/3.0 yes/yes 3:1 777.4 

Example 9 
Preparation of Maleic Acid Addition Salt of AN-1 97 

[0287] The maleic acid addition salt of AN-197 Was pre 
pared according to the general procedure described above. 
The synthetic pathWay is described in Scheme 2 beloW. 
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[0288] AN-197 (1.0 equivalent) and dichloromethane 
(DCM, 40 ml, 4 volumes) Were mixed in a clean dry 
Nz-?ushed 100 ml round bottomed ?ask and the mixture Was 
stirred until all the starting material Was dissolved. The solu 
tion Was then cooled to 10° C. and tri?uoroacetic acid (TFA, 
7.7 equivalents) Was added dropWise While maintaining the 
temperature below 200 C. When the addition Was completed, 
the resulting mixture Was heated to 350 C. and maintained at 
this temperature for 16 hours. The obtained solution Was then 
concentrated at 350 C. under vacuum, and the resulting oil 
Was re-dissolved in DCM (7 volumes) and added to a stirred 
solution of 1 M sodium bicarbonate solution (7.7 equivalents) 
at 0-50 C. The mixture Was agitated at 0-50 C. for 15 minutes, 
the layers Were thereafter separated and the loWer organic 
layer Was added to a stirred solution of 1 M sodium bicarbon 
ate solution (7.7 equivalents) at 0-50 C. The mixture Was 
agitated at 0-50 C. for 15 minutes, the layers Were thereafter 
separated and the organic layer Was Washed With Water (5 
volumes). 
[0289] The layers Were then separated again and a solution 
of maleic acid (3.0 equivalents) in isopropyl alcohol (IPA, 2 
volumes) Was added to the loWer yelloW organic layer, result 
ing in the precipitation of a yelloW solid. The mixture Was 
agitated at room temperature for 1 hour, then cooled to 0-50 C. 
for 1 hour, ?ltered and the ?ltrate Was Washed through With 
cold IPA (2x1 volume). The solid Was then dried under 
vacuum at 400 C. to afford the tri-maleate salt as a yelloW 
solid. 
[0290] HPLC analysis of the solid product shoWed 98.31% 
peak area for the salt, 0.82% peak area for perphenaZine and 
0.01% peak area for AN-197. 
[0291] The preparation of the maleic acid addition salt pre 
sented hereinabove Was successfully scaled up upon starting 
With 100 grams of AN- 1 97. The maleate salt Was isolated at a 
98% yield. 

Dec. 3, 2009 

TFA/DCM 
4, 

Maleic acid/IPA 

[0292] HPLC analysis of the product shoWed 99.31% peak 
area for the salt, and 0.25% peak area for perphenaZine. The 
level of perphenaZine at the large scale preparation Was loWer 
than previously seen at a smaller scale preparation, possibly 
due to loWer levels of moisture ingress at the larger scale 
preparation. 
[0293] The preparation of the maleic acid addition salt pre 
sented hereinabove Was further successfully scaled up upon 
starting With 200 grams of AN-1 97, to afford the tri-maleate 
salt as a yelloW solid With 97% HPLC peak area for the salt. 

Example 10 
Preparation of Oxalic Acid Addition Salt of AN-1 97 

[0294] The oxalic acid addition salt of AN-197 Was pre 
pared according to the general procedure described above. 
[0295] HPLC analysis of the product shoWed 98.05% peak 
area for the salt and 0.75% peak area for perphenaZine. 

Example 11 
Preparation of Addition Salts of AN-1 97 With Orga 

nosulfonic Acids4General Procedure 

[0296] Exemplary addition salts of organosulfonic acids of 
the chemical conjugates described herein Were synthesiZed 
according to the general synthetic pathWay exempli?ed in 
Scheme 3 beloW. The organosulfonic acid addition salts of 
AN-197 Were prepared directly from AN-197, Without sepa 
rating the corresponding free base, as illustrated in Scheme 3 
beloW. This one-step deprotection and in-situ salt formation 
approach further simpli?es the salt formation process and 
minimiZes the exposure of the free-base to moisture Which 
may result in ester bond hydrolysis and hence in decomposi 
tion products. This process is made possible With organosul 
fonic acids since these acids are typically strong enough to 
remove the N-protecting group on the amino group of the 
chemical conjugates, avoiding the need to use TFA. 
















